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PREFACE. 

This book has been prepared as the result of many requests 
for copies of tlie lectures delivered by me before the Eoyal 
Scottish Society of Arts during last winter. The subject is 
treated in a manner suited to a public audience rather than 
to a University class, but it is hoped that the book may be of 
some service to naval architects and marine engineers. For 
assistance in the preparation of the lectures and the book 
my thanks are due to Mr. J. G. Johnstone, B.Sc, and Mr. 
J. A. Tainsh, B.Sc 

J. H. BILES. 

November 1906. 
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THE STEAM TURBINE 

AS APPLIED TO MARINE PURPOSES 



CHAPTER I. 
HISTORICAL. 



In the year 1888 I had to select a type of engine to drive a 
dynamo for lighting a ship. Mr Parsons came to see me, and 
I was persuaded to order two of his turbines, though the engine 
had been previously tried with not too satisfactory results. In 
the course of conversation I asked him why he did not put the 
engine into a ship to propel it, and his answer was a silent 
smile. The turbines were fitted and successfully tried, and one 
incident of the trial impressed me very much. The turbine was 
running with no load on. All the lights in the ship were off, 
and to test the capability of the machine I suddenly switched 
on the whole load, expecting to hear the turbine slow down to 
a speed that would instantly compel me to switch ofif the load. 
To my surprise the machine seemed to take no notice of the 
load. It sang away with the same pleasant hum, and seemed 
laughing in its sleeve at me. This kind of contingency had 
been provided for in the ingenious sensitive governor which 
Mr Parsons had put on it. The two incidents narrated seemed 
to me to have a striking relation to each other. Mr Parsons' 
machine was equally ready to run with a very small load or 
with the whole load. The machine was very like the man. 
Then he was only running with the small load of lighting a 
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2 MARINE STEAM TURBINES. 

ship, but later he took up the whole load of an Atlantic liner's 
tens of thousands of horse-power, and there is no appearance of 
difiference in the man. He has the same silent smile and the 
same pleasant hum with the big load he now carries as he 
had with the little load of lighting a ship. He carries his 
present great load of work and honours with the same serene 
air and scientific spirit that he carried his little one of earlier 
years. He has built up a great industry in what many would 
say is an uncommercial manner. He might have made turbines 
so cheaply that he could have driven out all reciprocating 
engines for electric-light work, but he was content to make as 
many as served his scientific purpose in its steady development 
of the steam turbine. A shrewd business American friend of 
mine came to this country about ten years ago to see this 
steam-turbine driving dynamos. He said : " Why, that machine 
can be made much cheaper than an ordinary engine. Why does 
not Parsons take all the orders ? " I said : " He takes all he 
wants to keep his works going, at the prices the other fellows 
get for their reciprocating engines." He said : *'That is so like 
you Britishers ; if you can get your price, you jog along without 
any ambition. Why, if I owned that invention I should sell as 
much below the other fellows as ever I could afford, and I 
should soon shut up their works, and then I should scoop the 
whole pool and make my own price." This, however, was not 
the way of Charles Parsons. He has not looked upon com- 
mercial success as the only end. He has with each success 
found a further possibility of improvement, and with each 
improvement a new success, and so the process has been 
repeated. In 1897 he sprang upon an astonished world 
(at the assemblage of war-fleets which met to celebrate the 
Diamond Jubilee of Queen Victoria) a little vessel 100 feet 
long which defied all the patrol boats whose duty it was to 
keep intruders out of the long lanes between the ships, and he 
raced down those lines at 35 knots, a speed then beyond almost 
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the hope of the most sanguine naval architect. Those who saw 
that little streak of steel flash across the water, and who had a 
spark of imagination, saw in the near future a revolution in 
steam propulsion which would make all the skill and experi- 
ence that the marine engineers had acquired in the reciprocating 
engine a thing nearly as useless as that of the skill of the 
armourer who clothed the tin-clad knights of old for the jousts. 

The term turbine used to 
be much more associated with 
water-power than steam, and it 
is interesting to understand the 
water progenitor of the steam 
turbine of to-day. 

Barker's Mill (fig. 1) is a 
machine in which the rotation 
is caused by the reaction of a 
stream of water, or two streams 
of water, issuing in the line of 
the peripheral motion of the 
arms. The water flows in the 
line of the axis of motion till 
it reaches the arms, when it 
diverges at right angles along 
the arms, and, reaching the nozzles, it again diverges at 
right angles to both the axis and the arms. The number 
of turns in the course of the stream, and the long length 
through which the water has to flow and be subjected 
to losses by friction, make this elementary form of turbine 
not very efficient. The motion is given to the arms by 
the reaction of the water at the nozzles, but before reaching 
the nozzles the frictional and other losses have reduced the 
available force. 

If the water could act directly on the ends of the arms 
without going through the axis, a more efficient turbine would 




Fig. 1. Barker's Mill. 
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4 MARINE STEAM TURBINES. 

be obtained. Fig. 2 shows a general sectional elevation of such 
a turbine. This is called an axial-flow ^ turbine. 

The water, admitted above the horizontal floor, passes down 
through the annular wheel containing the guide blades G G, 
and thence into the revolving wheel WW. The revolving 
wheel is fixed to a hollow shaft suspended from the pivot p. 
The sluices are worked by the hand wheel A, which raises 






Fig. 2. Axial- Flow Turbine. 



Fig. 3. Axial-Flow Turbine. 
Section through guides. 



them, a a are the sluice rods. Fig. 3 shows the sectional 
form of the guide-blade chamber and wheel and the curves of 
the wheel vanes and guide blades, when drawn on a plane 
development of the cylindrical section of the wheel \ aaa are 
the sluices for cutting ofif the water; hhh are apertures by 
which the entrance or exit of air is facilitated as the buckets 
empty and fill. The turbine is of 48 horse-power on 5*12 feet 
fall, and the supply of water varied from 35 to 112 cubic feet 
per second. The efficiency in normal working is given as 73 

^ Encyclopcedia Britannica, 9th edition. 
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per cent. The mean diameter of the wheel is 6 feet, and the 
speed 27*4 revolutions per minute. The water acts directly 
upon the ends of the arms, and a large part of the energy in 
the water is taken from it by the vanes in the wheel and 
converted into useful work in the shaft. 

In the axial-flow water turbine it will be seen that the 
water flows through a fixed series of guides and into a moving 
series of vanes attached to a vertical shaft or spindle. The 
guides direct the streams so that they impinge on the moving 
vanes at a favourable angle. The vanes so guide the water 
that in passing through them its reaction shall take out as much 
velocity from the water as possible. 

The steam turbine of the Parsons type is on the same 
principle, but instead of being a one-stage turbine as the fore- 
going, it is a series of such turbines, and is called a many-stage 
turbine. In the water turbine the object in shaping the blades 
is to cause the water to enter with no shock and leave with no 
velocity. The energy in the water, which is proportional to its 
mass and to the square of its velocity, is taken from it by 
reducing its velocity, and a considerable reduction can be made 
in one set of vanes, so that a considerable amount of energy 
can be taken from the water by one set. 

But in the steam turbine the mass of the steam is so small 
that, in order to possess any considerable amount of kinetic 
energy (which can be abstracted from it by passing through 
vanes), it must have a very high velocity. This necessitates a 
very high speed of blades, for, in order to get maximum 
efficiency, the velocity of blade must be about one-half that of 
the steam. If steam issue from a condition of no velocity and 
a pressure of, say, 150 lbs. to a region of atmospheric pressure, 
its velocity will be about 4000 feet per second. Hence to take 
out all the velocity from the steam the vanes must have a 
peripheral velocity of 2000 feet per second. This is the 
velocity of the projectile of a 12-inch gim after it has gone three 
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miles from the gun. If we took a drum 6 feet in diameter, 
about the size of a large steamer's turbine drum, it would have 
to rotate a hundred times in a second, or 6000 revolutions per 
minute, in order to attain this peripheral velocity of 2000 feet 
per second : at least ten times as fast as it does. Something 
very different must therefore be done to get work out of the 
steam. We must consider what means may be adopted to 
reduce the velocity of the steam without losing much efficiency. 
Steam at rest at a pressure ps occupying a volume -y, will expand 
to a volume v^ by a reduction of pressure to^^, and will maintain 

a relation p^ =Pii^ = C, 
a constant ; k being a little 
more than unity. This is 
represented in fig. 4. In 
doing so it will do work ^N 
represented by the area of 
the part of the curve which 
is crossed. If all the work 
is done in producing a velo- 
city C in the steam, that 
velocity will be j2g'W. 
If we allow the steam to 
leave this stage of the turbine with this velocity C, we can 
obtain efficient work from it if the velocity of the periphery is 
about one-half that of the steam. 

Hence we must only do an amount of work W in one stage 
which will give a steam velocity of about twice the peripheral 
velocity suitable to the turbine. It will therefore be seen in 
what respects primarily the steam turbine differs from the 
water turbine. The peripheral velocity in a Parsons marine 
turbine is about 100 feet per second. Attempts have been 
made, with more or less success, bo run turbines of other kinds 
at very much higher velocities than those indicated above, and 
in some cases the whole work is done at one expansion of the 



Fig. 4. Hyperbolic Curve ^i/^=C. 
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steam ; but the velocity attained has been nothing like so great 
as that necessary for maximum eflBciency, and even in such 
circumstances the material of the turbine has required most 
careful and expensive manufacture and design. For all 
practical purposes we may confine our attention for the present 
to the consideration of the Parsons turbine. It is the only 
turbine which has been employed in ship-work on an extensive 
scale both as to range of size and numbers of ships. 

Before considering this 
steam turbine in detail, it may 
be well to hastily glance at 
the history of steam engines, 
and particularly in the later 
years to that of the rotary 
engines and their natural out- 
come, the steam turbine. 

The earliest form of steam 
engine of which we have any 
record is that of Hero's, about 
130 B.C. (fig. 5). No one deal- 
ing with this subject can afford 
to leave out this traditional 
antiquity. This is practically 
the same as ''Barker's Mill" 
(fig. 1), only that in the latter case the axis is vertical and a 
water-head is used instead of steam as the motive power. Let 
us now pass over a period of seventeen and a half centuries, 
during which there is no progress to record in anything 
mechanical, although here and there may be found evidences 
that appliances such as Hero's had been in use. We come now 
in 1628 to Branca's engine (fig. 6). This engine, you will see, 
is shaped like a water-wheel which is driven by the impact of 
a jet of steam on its vanes ; and this wheel may, in its turn, 
drive other mechanism for various useful purposes. This is 



f^ 






'T. -J 


;i 


^ 


Mib^ 


^^^^HPeSSIPV 


f^^^rH 


j^^ — -^Jjggg ^\v^ 


.— ' . ' -, 



Fig. 5. Hero's Engine, about 130 B.O. 
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really the first steam turbine, and is an unkind anticipation of 
the well-known De Laval turbine. 




Fig. 6. Branca's Engine, 1628. 




Fig. 7. The Marquis of Worcester's Engine, 1668. 

The next engine we will notice is that proposed by the 
Marquis of Worcester in 1663 (fig. 7). Its object was to raise 
water, which was done by forcing with steam the water from 
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two chambers alternately, the steam being supplied by an 
independent boiler ; while one chamber was having the water 




Fig. 8. Savery's Engine, 1699. 



forced from it, the other was sucking in water by the partial 
vacuum caused by the condensation of the steam. 




Fig. 9. Newcomen's Atmospheric Engine, 1705. 

Coming now to 1699, we have the steam engine of Thomas 
Savery, which was the first successful one commercially (fig. 8). 
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Steam is admitted to one of the oval vessels P displacing water, 
which it drives up through the check-valve E. When P is 
empty of water, the steam supply is stopped, and the steam 
already there is condensed by allowing a jet of cold water, from 
a cistern above, to stream over the outer surface of the vessel. 




Fig. 10. Smeaton's Engine, 1774. 

This produces a vacuum, and causes water to be sucked up 
through the pipe and valve at M. Meanwhile steam has been 
displacing water by pressure from the other vessel. Savory's 
engine was entirely displaced by its successor, Newcomen's 
" Atmospheric " engine, 1705 (fig. 9). In this engine steam is 
admitted from a boiler to the cylinder, the piston of which is 
allowed to be raised by a heavy counterpoise hanging from the 



Digitized by VjOOQIC 



HISTOKICAL. 



11 



other end of the beam. Steam is then shut off, and the 
steam in the cylinder is condensed by a jet of water in 
the cylinder itself. The piston is forced down by the 
pressure of the atmosphere, and does work on the pump 
through the medium of a long rod which is at the other 
end of the beam. 




Fig. 11. Leupold's Engine, 1720. 

Newcomen's engine was greatly improved by Smeaton in 
many of its mechanical details (1767). The first to be built 
with these improvements was in 1774 (fig. 10). In the year 
1720 Leupold invented and constructed the first high-pressure 
engine. His principle was simply that of applying highly 
elastic steam alternately upon two pistons in separate cylinders, 
so that as the one ascended the other descended (fig. 11). This 
was done by means of a four-way cock which cut ofif the connec- 
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tion to the boiler and released the steam in the cylinder at the 
end of the stroke. No condenser was used. 

In 1765 James Watt, when repairing the Newcomen engine, 
was much struck with the waste of steam due to condensation 
in the alternate heating and cooling of the cylinder. As a 
result of some experiments, he added to the steam engine an 
entirely new organ, viz. , the condenser, and with it the air- 
pump (fig. 12). He invented the crank, but was anticipated. 
In 1778 he introduced early cut-off and expansion, and we have 




Fig. 12. Watt's Engine, 1765. 

here for the first time a reciprocating engine giving rotary 
motion. 

FIRST ROTARY ENGINE. 

In 1769 Watt described, in a patent specification, the first 
rotary engine (fig. 13). The sketch has been made from Watt's 
description. The engine was divided into four parts, each part 
being successively subjected to steam and opened to exhaust by 
weighted valves which alternately opened and shut, and which 
connected the sections of the wheel with the steam and exhaust. 
This engine was never made. 
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OTHER ROTARY ENGINES. 

In 1782 we have Watt's second rotary engine (fig. 14). Here 
the piston b rotates, while the valve e shuts off steam from the 





Fig. 17. Sadler*8 Engine. 



Fig. 18. Cartwright's Rotative 
Engine, 1797. 



Eijclta-tutt 




Steam. 

Fig. 19. Murdock's Engine, 1799. 

back of b. When b reaches the back of e, it moves e back into 
a recess. Probably the steam inlet was, by moving e, shut until 
b passes sufficiently to let e fall again, when the steam inlet 
would be again opened and the process repeated. 
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Five years later, ie. in 1787, Cooke introduced his rotative 
engine (fig. 15). In this engine the valves confine the steam to 
a portion of the disc, but lie in the part of the circumference 

of the wheel outside the steam 



space. 

In 1790 Bramah and Dick- 
inson produced their rotative 
engine (fig. 16). Here we have 
sliding plates forming valves 
on the periphery of a circular 
cylinder rotating near a circu- 
lar arc which is non-concentric. 
The valves open inlet and ex- 
haust in succession. The next 
(fig. 17) shows Sadler's engine 





Fig. 20. Hornblower's Engine, 1804. 



Fig. 21. Trotter's Engine, 1805. 



(1791). This is another form of Hero's engine. Cartwright in 
1797 invented his rotative engine (fig. 18). It is very similar to 
Watt's second rotary engine, only it has more than the one fixed 
piston, such as h in Watt's design. The sketch of Murdock's 
rotary engine (fig. 19) explains itself. It was made about 1799. 
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In 1804 Hornblower introduced his engine (fig. 20). This 
also needs no explanation. 

The next (fig. 21) shows Trotter's engine (1805). A is an 

outer barrel, B is an 
inner barrel, C is called 
the eccentric (really a 
loose ring), D is a 
sweep. Motion caused 
by admission of fluid 
between A and C gives 
rise to rotation of D 
and B; the pressure 
being greater outside 
C than inside, owing to 
the latter being open 
to the atmosphere. 

About the same time 
Flint patented his 
engine shown in fig. 
22. The action is as 
follows : — Steam is 
admitted through a 
hollow shaft A: it 
fills the lower half of 
G and passes through 
« the hole 6 into the 
valve L; thence it acts 
on the steam float P 
with a power propor- 
tional to its pressure 
and the area of P. 




Stecurv 

Fig. 22. Flint's Rotary Engine, 1805. 



P is thus turned round till it passes the valve K, the steam 
escaping through the hole 7 into the upper part of G, and so 
through B to the condenser. This is then repeated from K, 
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and it is worthy of notice that the valves are mechanically 
operated. 

In the same year (1805) Wilcox produced his rotary engine 
having a rotary piston (fig. 23). The valves are mechanically 




Fig. 23. Wilcox's Engine. 



Fig. 24. Wilcox's Engine, 
1806. (Another form.) 



operated. Fig. 24 shows another form of Wilcox's engine, only 
in this case the valves are replaced by cocks C C, which are 
worked from the outside of the engine by a spindle passing 
through the top. F is the passage to the condenser. 

Passing on now for five years, that is, to 1810, we have 

2 
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Fig. 25. Chapman's Rotary Engine. 





Fig. 26. Eve's Rotary Engine. 



Fig. 27. Galloway's Rotary 
Engine, 1826. 
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Chapman's rotary engine as shown in fig. 25. The sketch needs 
no explanation, except perhaps that K is an adjusting screw 
for tightening up the packing as it wears. The piston, it will 
be seen, carries its own valves. 

In 1825 Eve patented his rotary engine (fig. 26). It is 
similar to Flint's engine in principle. 

Fig. 27 shows Galloway's rotary engine (1826) with spring 
packing and mechanically operated valves. Following Gallo- 
way's engine, the next invention 
at which we will look is that of 
Anderson in 1837 (fig. 28). He 
proposed to use the exhaust steam 
from the cylinder of a recipro- 
cating engine to drive a rotary 
engine of the Hero type, which 
rotated in a chamber in connec- 
tion with the condenser. The 
turbine spindle drove on the 
crank shaft of the reciprocating 
engine. All the foregoing engines 
were designed to use the pressure 
of the steam acting directly in 
tight vessels on moving, steam- 
tight pistons. Failure usually 
was due to leakage in pistons. 

In the same year Gilman produced his turbine of several 
stages of expansion (fig. 29).^ The principle of this turbine is 
followed up to the present date, notably in the multicellular 
type turbine of Rateau. The arrows show the direction of the 
flow of steam. The principle of this and all turbine engines 
is different to all the foregoing, as the pressure of the steam, 
instead of acting directly on steam-tight pistons, acts on the 
mass of the steam itself, thereby increasing its momentum. 
1 Trans. I. E. and S. (Scot.), 1905. 




ConnteUd to 
Cotftertser— 



:^ 



Fig. 28. Anderson's Engine. 
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When this steam meets a vane, it parts with some of its 
momentum to the vane, and converts its kinetic energy into 
useful work. 

In 1838 Heath, for the first time on record, proposed using 
divergent nozzles for converting the expansive energy of the 




Fig. 29. Oilman's Turbine. 

steam into kinetic energy. He may not have understood the 
principle of the nozzle thoroughly, but he discovered that he 
got better results with these nozzles working on his turbine, 




Nozzle and vanes. 



Fig. 30. Pilbrow's Turbine. 

which was of the Hero type, than without. These nozzles have 
been most successfully used by De Laval in his turbine. 

The next turbine to claim our attention is that of Pilbrow, 

1843 (fig. 30).^ Here we have an arrangement of two wheels 

in series ; the vanes are arranged on the peripheries of the wheels 

and overlap one another. An enlarged view at the side shows 

1 Trans. L E, and H. (Scot.), 1905. 
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the shape of the vanes and nozzles. After this, in 1848, we have 
Wilson's turbine (fig. 31),^ which needs no explanation as to its 
method of working. 




Fig. 31. Wilson's Turbine. 

Passing over a period of nearly thirty years until 1877, when 
a patent was granted to Wertheim of Frankfort-on-Maine for a 
turbine driven by the explosion of air and gas in a closed 




Fig. 32. Wertheim's Turbine, 1877. 

chamber (fig. 32).^ A is the explosion chamber ; the pressure 
caused by the explosion drives the water down the pipe T, 
causing the turbine wheel in C to rotate. Under these 
conditions the valve G is open and Q closed, so that water 
passes along X only. The water continues up the pipe H into 
1 Trans. L E. and S. (Scot.), 1905. 
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the reservoir D, to which is attached E, an air vessel. An 
excess of pressure in D over A is now present, and as the valve 
G is now shut and Q open, the water flows back as shown over 





Fig. 33. De Laval's Turbine, 1882. 

the top vanes, causing the turbine to rotate. The water rises up 
in T and expels the products of the explosion, and this completes 
the cycle. A similar engine has been recently reinvented. 
In 1882 we have the first turbine of De Laval (fig. 33) 





Fig. 34. De Laval's Turbine. 

made on Hero's principle. Notice that there are no divergent 
nozzles here. 

In 1884 we have the first Parsons turbine (fig. 35). It is 
practically the same as the present-day type, except that the 
steam enters at the centre and exhausts towards both ends at the 
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same time ; / is a stand for holding lubricant ; g is the drain 
for steam which may have passed through the bearings. This 
pipe is in connection with the exhaust pipe. The other features 




Fig. 35. Parsons' Turbine, 1884. 

of the turbine need not be explained till the modern type is 
described. This turbine is in the South Kensington Museum. 

Five years later, that is, 1889, De Laval obtained a patent for 
a steam-turbine wheel combined with a divergent nozzle for 




Fig. 36. Morton's Turbine. 

converting the heat energy of the steam into kinetic energy. 
This nozzle is practically the same as that used to-day, only N 
is done away with and the neck h is angular instead of rounded 
(see fig. 34). 

From 1883 to 1893 Morton of Glasgow made many experi- 
ments on flow of fluids through nozzles of different forms from 



Digitized by VjOOQIC 



24 



MARINE STEAM TURBINES. 



a higher to a lower pressure. He made several turbines, the 
type of which is shown in fig. 36.^ The steam flows as indicated 
by the arrows. These turbines worked well, but their high 
steam consumption was against them. 




Fig. 37. Multicellular Rateau Turbine. 

In 1894 the Eat^au turbine of a single type was patented, 
and in 1897 that of a multicellular type was invented (fig. 37). 

In 1895-6 the Curtis turbine (figs. 38 and 39) was invented. 
It runs on a vertical spindle, like the axial-flow water turbine, 
but it is a many-stage turbine. 
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Fig. 38. Curtis Turbine. 

During the development of the turbine, which up to 1884 was 
a practically negligible quantity, the reciprocating engine had 
been developed through its varying stages of simple single acting, 
simple double acting, two-cylinder double acting, two-cylinder 
compound, until in 1880 it had reached the stage of three-cylinder 
compound. The term compound engine has been confined to one 
1 Trans. L E. and S. (Scot.), 1905. 
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in which the steam expands first through one cylinder and 
then through a second cylinder or cylinders to the condenser, 
making two stages in the expansion. 
Vessels whose names are familiar, 
the " Alaska," " Oregon," " Servia," 
"America," were fitted with engines 
of three cylinders, one high-pressure 
and two L. P., and some are running 
to-day, namely, the " Umbria " and 
** Etruria" of the Cunard Company. 
Almost coincidently with the de- 
velopment of the turbine engine of 
Parsons* patent in 1884, was that 
of the triple - expansion engine, 
that is, the engine in which the 
steam expands in three stages from 
the boiler to the condenser. The 
triple-expansion engine involves at 
least three cylinders, and sometimes it has been found desir- 
able to subdivide some of the stages, so that as many as four, 




Fig. 39. Curtis Turbine. 




Fig. 40. Turbine Steamer **Lusitania," the Cunard Express Passenger 
Steamship, as she will appear when completed. 

five, and six cylinders have been used for triple expansion 
engines. Later, during the last fifteen years, some engines 
have been made with four grades of expansion called 
quadruple-expansion engines, but these have been principally 
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confined to moderate and high-powered liners. But coincident 
with this development of the largest power of the reciprocating 
engine, the Parsons turbine has developed until to-day it is 
being made for the largest single installations of power for a 
ship that has ever been made by man. These turbines will be 
installed on the new Cunarders (fig. 40). These vessels will have 
about 70,000 H.P. in four turbines. They will consist of two 
sets of high- and low-pressure turbines, so that each complete set 
will be at least 35,000 H.P. As these vessels are not yet complete, 
the information is not available for 
publication, but there has been a very 
large power installed in the "Carmania," 
another Cunard steamer built by Messrs 
John Brown & Company, and finished 
three months since, having three sets of 
turbines, one high- and two low-pres- 
sure, developing in all about 25,000 H.P. 
Fig. 41 ^ shows the longitudinal eleva- 
tion, and fig. 42^ the cross-section of this 
machinery. Last year a vessel of ex- 
actly the same dimensions, called the 
" Caronia," was built, having quadruple- 
expansion reciprocating engines. Fig. 

43^ shows a longitudinal elevation, and fig. 44 ^ a cross-section to the 
same scale as the turbines of the "Carmania." The engines of the 
"Caronia" are about 22,000 H.P., and may be compared with those 
of the "Campania" of about 26,000, shown in fig. 45,'^ the end view 
being to the same scale as that of the " Caronia." The largest 
reciprocating engine built for marine work is that of the " Kaiser 
Wilhelm II.," shown in figs. 46 and 47.^ These engines are four- 
cylinder engines, four in number, working three cranks on each 
engine, and six on each line of shafting. They are the highest 
development of what has been done with reciprocating engines. 
^ Engineering y 1905. ^ Engineering, 1893. ^ Engineering ^ 1903. 




Fig. 45. "Campania' 
Machinery. 
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It may be interesting to show a single screw engine of 10,000 
H.P.,such as was placed in the ** Servia," built in 1880. This is 
shown in figs. 48 and 49 ; and in fig. 50 ^ is shown to the same 





Fig, 46. " Kaiser Wilhelm II." Machinery. 
(Longitudinal elevation.) 



Fig. 47. * ' Kaiser Wilhelm II." 
Machinery. (Cross-section.) 



scale as all the preceding nine figures, the engines of the 
** Turbinia,'' the first steamer in which Parsons' or any other 
turbine was fitted for main propulsion. This little vessel was 
first brought to the public notice in 1897, when she achieved 






Fig. 48. "Servia" 
Machinery. (Longi- 
tudinal elevation.) 



Fig. 49. "Servia" 
Machinery. (Cross- 
section, ) 



Fig. 50. "Turbinia" 
Machinery. 



the wonderful speed of 35 knots, before the allied fleets at the 
Diamond Jubilee of the late Queen Victoria. In less than ten 
years Mr Parsons' turbine will have been placed in all kinds of 
vessels, from powers as low as the " Turbinia " (2000) to the 
highest that has yet been installed anywhere. 
1 Trans. LN.A,, 1903. 
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CHAPTER II. 

DESCRIPTION OF MARINE STEAM TURBINE MACHINERY. 

Wk have dealt with the history of the development of the 
rotary engine up to 1884, when Mr Parsons' first steam turbine 
was made. The difficulties connected with the rotary engine, 
which prevented its successful adoption, were partly due to 
imperfect workmanship and partly to imperfect knowledge of 
the laws of thermo-dynamics. The knowledge of the action of 
steam passing through a nozzle and transforming the heat energy 
into kinetic energy and by the impact of the steam on moving 
blades into useful work, is the foundation of success in rotary- 
engine work, when the rotary engine is of the type which does its 
work not by the direct pressure of the steam of the boiler, but 
indirectly by the change of velocity and direction of the steam in 
acting on the blades of the moving machine. The water turbine 
in which the velocity flow is gradually taken out of the water 
by the curved vanes of the turbine is the analogue of the Parsons 
steam turbine with two differences. 

First : the shaft of the water turbine is vertical, and that of 
the steam turbine horizontal. Second : on account of the low 
velocity flow of the water, it is possible to take the energy out 
of it in one set of fixed and one set of moving blades, whereas 
the velocity of the steam in the turbine being at least 200 feet 
per second, it takes a large number of sets of blades to take out 
this velocity and energy of the steam. 

The steam turbine consists essentially of alternately fixed and 

29 
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moving blades, the moving ones being on the outside of a horizon- 
tal cylinder or drum rotating in a fixed cylindrical casing, having 
the fixed blades on its inner surface. The pressure of the steam, 
instead of acting on the st-eam-tight piston and doing work by 
increase of volume and reduction of pressure as in a cylinder, acts 
upon the steam itself, and sets it in motion at a high velocity. The 
fixed guide blades deflect the steam so that it approaches the 
moving curved blades in such a manner as to initially strike 
them tangentially on the concave side. The curvature of these 
blades deflects the steam, and the force necessary to cause this 
deflection reacts upon the blades, causing them to rotate. 
Leaving the moving blades, the steam again passes through 
fixed blades, which restores its velocity to a little more than 
that which it had on leaving the former fixed blades. These 
fixed blades deflect the steam so that its direction of motion is 
tangential to the next set of moving blades, when it is again 
ready to act upon and be reacted on by these blades. Con- 
tinuing in this way, it pursues its sinuous course through all 
the blades of the turbine until it reaches either the atmo- 
sphere or the condenser. The work done on the steam at each 
passage through the fixed blades causes an increase in velocity 
of the steam. The passage of the steam through the moving 
blades reduces its velocity, which is again increased in passing 
through the fixed blades by the pressure of the steam, and so on. 
The pressure does work on the steam which is taken from it in 
each set of blades, so that during the whole course of its passage 
through the turbine the pressure of the steam is gradually 
reduced from that at entry, about 150 lbs., to that of the con- 
denser, about 1 to 2 lbs. 

Figs. 51 and 52 show longitudinal and sectional elevations 
of a turbine installation in a large steamer. There are three 
turbines, each driving a shaft connected to a screw propeller. 
The centre turbine is the one into which the steam first enters, 
and, expanding through it, passes to one L.P. turbine on each 
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side of the middle line. From there it passes to the condensers. 
Reversing turbines are placed at the after ends of each L.P. 




Fig. 51. Longitudinal Elevation of Turbine Machinery 
in a large Steamer. 

turbine. When it is necessary to use the reversing turbine, 
steam is shut off from the H.P. turbine altogether, and is ad- 
mitted to the reversing turbine by a separate pipe. Should it 




Fig. 62. Sectional Elevation of Turbine Machinery 
in a large Steamer. 

be desired to be able to go ahead or astern at pleasure, or, as 
it is technically called, " manoeuvre," steam can also alternatively 
be admitted to the go-ahead part of the L.P. turbine, it having 
been previously shut off from the go-astern. In this way it is 
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possible to 
turbine 



RT 



.-f 






drive one L.P. turbine astern while the other LP. 
ahead, and so to manoeuvre the ship. The pumps 

are practically the same 
as in a reciprocating 
engine-room, except that, 
on account of the advan- 
tage of a higher vacuum 
in the turbine, a dry air- 
pump, or a vacuum aug- 
menter, is fitted in addi- 
tion to the ordinary wet 
air-pump. A vacuum of 
25 inches of mercury, 
which is quite sufl&cient 
for a reciprocating engine, 
is very bad for a turbine, 
which must have 28 or 
29 inches, and this can 
only be attained by in- 
creasing the surface of 
the condensers and im- 
proving the method of 
removing air and vapour 
from the condenser. 





DESCRIPTION OF 
TURBINES. 

The H.P. turbine of an 
ocean liner is shown in 
fig. 53. The upper part 
of the drawing shows 
one-half of the turbine, 
as far down as the middle line or axis of rotation. The turbine 
consists of an outside casing and a steel drum, the latter being 
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carried on two bearings. To the forward end a shaft is attached, 
which is connected to the drum by a cast steel ring or wheel. 
The drum is heated, shrunk on the wheel, and riveted to it. 
To the after end a similar shaft, connected in a similar way, 
is attached. This latter shaft is a continuation of the propeller 
shaft. Outside this drum is a fixed casing of cast iron (fig. 
54), which has feet formed on -it, and is bolted to the 
structure of the ship. It is divided into two parts along 



^4 




Fig. 54. OutsideCasingofH. P. Turbine. 



fore and aft lines. Eibs run round and along this casing to 
make it as rigid as possible. In the drum grooves are turned, 
into which vanes are fixed, as shown in fig. 55, and into the 
casing are fixed similar guide blades, also as shown in fig. 55. 
The steam enters from the main steam-pipe at the right-hand 
cavity, and first encounters a set of guide blades. It passes 
through these into the vanes on the rotating drum, and again 
to a set of guide blades, and to another set of vanes on the 
drum, and so on; it passes through the whole length of the 
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drum, and from there out to the LP. turbine. It will be seen 
that the lengths of blades, both fixed and movable, increase in 
three steps, thus forming four groups, but throughout each 
group they are of the same length. There are in each group 
twenty rows of fixed blades and twenty rows of moving blades. 
They are all of the same section, but they vary in length and 



lil 




Fig. 55. Diagram of Blading in Casing. 

spacing. In the first group they are If inch long, spaced 
1 J inch apart from centre to centre of moving blades, and the 
same distance apart from centre to centre of the fixed blades, 
so that in each group there are forty rows in all, half of them 
being fixed and half moving. In the second group the blades 
are 2 inches high, spaced 1 J inch ; in the third group 2f inches 
high, spaced If inch ; and in the fourth group 4 inches high, 
spaced IJ inch. 
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Fig. 56 shows the 
arrangement for the 
L.P. turbine. It is 
similar in general 
construction to the 
H.P. turbine, but it 
has attached to it a 
reversing turbine at 
its after end. The 
steam enters at the 
fore end from a pipe 
connected to the 
after end of the H.P. 
turbine, and passes 
through six groups 
of blades of different 
heights. Each of 
the first five of these 
consists of ten rows 
of fixed and ten rows 
of moving blades. 
The first four of 
these groups are of 
the same section as 
those in the H.P. 
turbine, their 
lengths varying 
from If inch to 4 
inches, and the 
spacing from IJ 
inch to IJ inch. 
All the rest of the 
groups have blades 
of a larger section. 
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the first ten being 5J inches high, spaced 1| inch, the 
remainder being 7 inches high, spaced 2 inches. A few of 
the last rows are of a different section, being spaced circum- 
ferentially more widely and being of an almost flat section. 
These are called "wing blades." These have the tendency 
to more gradually open the exhaust to the condenser. It 
will be noticed that while the last blades of the H.P. 
turbine were 4 inches high, the first group of the LP. 
turbine is only If inch; but it must be remembered that 
there are two L.P. turbines and only one H.P. turbine. The 
diameter of the L.P. turbine at its forward end is increased 
compared with the diameter of the H.P. turbine at its after 
end in the ratio of 7 to 9J. If we multiply If by 9J and by 
2, we shall not get a very different result from the 4 multiplied 
by 7, so that practically the same area of opening exists at the 
end of the H.P. turbine and the beginning of LP. turbine. 
The steam enters the reversing turbine by the cavity at 
the extreme after end and passes through very short blades, 
those at the entrance being only | inch high, while at the 
outlet end they are 3^ inches. The blades are divided into six 
groups. The first five of these are sets of four, varying in 
height from J inch to 2| inches, while the last one is a set of 
twelve, 3 J inches high. The pitch is the same throughout, IJ 
inches, and the sections of the blades are the same as in the 
H.P. turbine, except a few of the last rows, which are wing 
blades. The blades of this turbine are set in the opposite 
direction to those in the go-ahead part of the same turbine, 
so as to give motion in a reverse direction. This turbine, on 
account of its shortness, is necessarily much less efficient than 
the go-ahead turbine. When not in use it is in connection with 
the exhaust steam, which is nearly at the condenser pressure, 
so that its frictional resistance is very small. When reversing, 
the connection between the H.P. and the LP. turbines is closed, 
so that there is no passage of steam backwards through the 



Digitized by VjOOQIC 



TURBINE MACHINERY. 37 

blades of the L.P. turbine. The steam from the reversing 
turbine goes from the large casing at the after end direct to 
the condenser. 

When the steam passes the last set of vanes in the H.P. 
turbine, it is not cut ofif from communication with the centre of 
the drum, but is prevented from escaping at the bearings at 
each end by glands, as shown in fig. 53, which are formed by a 
series of grooves filled in by brass rings cut at one point in 
tlieir circumference and having a slight permanent spring which 
causes them to expand with a small pressure outwards. They 
do not quite fill the grooves, so that steam leaks through them 
and condenses and forms water-seals. There are three small 
spaces left into which steam at definite pressure can be admitted, 
adjusting the pressures on the rings. The interior of the H.P. 
drum is at about 30 lbs. pressure absolute, so that the difference 
between the atmospheric pressure of 15 lbs. and the inside 
pressure is only about 15 lbs., and the practical steam tightness 
is ensured. Into the three small spaces steam of about 26 lbs., 
22 lbs., and 18 lbs. can be introduced, thus reducing the differ- 
ence in pressure at the two ends of any set of rings to about 
4 lbs. Steam at the pressure at which it enters the first guide 
blades is prevented from passing to the interior of the drum by 
what are known as dummy rings. These are shown in the 
corner of fig. 53. They comprise a series of brass rings which 
overlap projections formed in the drum; the steam leaks 
through between the brass and steel surfaces and forms water- 
pockets which seal the steam. The clearance of these dummies 
is exceedingly small, one or two thousands of an inch. 

The whole endwise thrust of the turbine and propellers 
about balance each other. The thrust of the steam on the 
blades in the direction of the axis tends to move the turbines 
aft, while the thrust of the propeller tends to move it forward. 
The difference of these two forces can be made very small by 
proportioning the parts of the turbine. Any remaining dififer- 
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ence is taken up by the thrust-block at the fore end of the 
turbine. This block is a fixed point in the ship and drum, but 
its distance from the casing can be adjusted by screws as shown. 
By means of these screws the clearance of the dummy rings can 
be adjusted when the turbine is heated up and steam tightness 
thereby secured at this point. The glands at the shaft are also 
fixed, but the turbine casing is free to move by them. 

It is seen that the whole power is developed in three separate 
turbines. This is desirable for reasons of construction, weight, 
and cost. First, as the steam passes along the turbine its 
velocity increases and a point is reached where, for efficiency, 
it is necessary to increase the peripheral speed. This can best 
be done by increasing the diameter of the drum ; but it is not 
practicable to do this in the same drum, as the difficulties of 
making such a steel drum and machining it after it is made are 
too great. Second, the length of the drum would be so great 
as to introduce serious difficulties on account of deflection, 
thereby causing the clearances at the ends of the blades, which 
must be small, to vary and cause losses by leakage ; stripping of 
the blades would also be liable to take place, due to the 
deflection. Third, the weight and cost would be increased. 
It is therefore desirable to pass the steam to two L.P. drums, 
which are generally of larger diameter than the H.P., and have 
a higher peripheral velocity. There is a similar dummy 
packing (fig. 56) to prevent the live steam entering the inside 
of the L.P. drum at each end; the forward one where the 
steam from the H.P. enters the L.P. go-ahead turbine ; the after 
one where the steam from the boiler enters the reversing 
turbines. Glands similar to those in the H. P. are also fitted to 
keep the inside of the drum pressure-tight, the pressure being 
that at about the last row of blades. A thrust-block similar to 
that on the H.P. is fitted at the fore end of the L.P. turbine, 
and a similar means of adjusting the position of the turbine is 
provided. The glands and dummy rings as shown have worked 
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very successfully on channel steamers, but a modification of 
design has been found necessary in ocean liners, both for 
purposes of efficient working and for readily overhauling. The 
lubrication of the bearings is pressure-fed oil, which is very 
efficient and economical, and a water circulation round the 
bearings is also provided. 

METHOD OF BLADINO. 

As it may be of interest, a description of the method of 
blading a turbine drum or casing is here given: — When the 
drum has been turned, or the casing bored out, to the 
required diameter, series of grooves are cut in the casing and 
drum. The depth and width of these grooves depend on the 
size of the blades which are to to be inserted in them : for 
instance, if the groove is J inch wide, the depth will be about 
^ inch. The spacing of these grooves in a fore and aft 
direction depends, of course, on the clearances allowed, the 
breadths of the blades, and the number of groups and of rows 
in each group. As to the shape of a cross-section of these 
grooves, in the casing, which is generally cast iron, the grooves 
are very slightly wider at the bottom than at the top, and as, 
of course, the casing, and consequently the blades, is stationary, 
there is no tendency for the blades to fly out as is the case on 
the rotor. In the rotor,, which is generally made of forged 
steel, the grooves are cut with a good taper opening towards the 
bottom ; also there are turned on each side of the groove two 
small ridges. The purpose of these will be shown below. The 
blades are all cut to their required length, two small ridges 
stamped in the part which is to be sunk into the rotor or casing, 
and in the blades which are to be laced a notch is cut on the 
steam-edge about J inch down from the tip in a blade, say, 4| 
inches long. We now have the rotor and casing grooved ready 
for inserting the blades, and the blades cut to length and 
notched. Since the blades must not lie against each other, we 
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have to insert between each two blades in the groove a small 
piece of soft brass known as a "packing piece" or ** distance 
piece." The shape of these distance pieces is fixed by the shape 
of the blade and the angle at which the blade is set in the 
groove. The actual blading, as it is called, is done as follows : — 
A blade is put into position in the groove, and a couple of 
distance pieces are placed on the concave side and after them a 
small steel block which can be fixed tightly into the groove ; on 
the convex side or back of the blade a distance piece is now 
placed and hammered up close against the blade. It is to be 
noticed that at this stage the distance piece is not hammered 
down into the groove. Another blade followed by a distance 
piece is then added and hammered up close to the first, and so 
on right round the drum until the steel block is reached. This 
is then removed, and sets of blades and distance pieces put in to 
fill up the space thus left. We have now a complete row of 
blades in their correct position at the drum end. The blades 
are then caulked into place by a tool, shaped to suit the space 
between the blades. This tool is used as an ordinary caulking 
tool, and the distance piece is well hammered up into the groove. 
[t will now be seen of what use the ridges turned inside the 
groove are, and also why there are two ridges stamped on the 
ends of the blades at the drum end. The idea, of course, is 
that as the distance piece is caulked, the soft brass will be 
indented by, or squeezed into, these ridges or hollows, and the 
effect will be to give a solid mass. The next process is that of 
lacing and soldering, the blades being now tight to the drum. 
A soft brass strip of square section is threaded through the 
notches near the tips of the blades ; the ends of this strip are 
not cut off short, but are scarphed into each other with a long 
taper. The blades are now carefully gone over and the free 
ends set to the correct angle. When this is completed, the 
blades are laced tightly to the strip and to each other by means 
of small copper wire, the wire passing round the back of each 
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blade, over the wire at the front of the blade and then round 
the back of the next blade, and so on. When this is finished, 
the tips of the blades are made red-hot with a Bunsen burner, 
using compressed air and gas, and a small quantity of a silver 
solder is dropped where the strip passes through the notch in the 
blade; and at this point also the lacing wire crosses the strip, so 
that we have the wire, strip, and blade rigidly connected at the 
tip of every blade, and also a wire supporting the back of each 
blade. This operation completed, the tips of the blades are 
gone over with a file to test the efficiency of the lacing and 
soldering. After this the drum is put into the lathe and the 
ends of the blades trimmed to a certain diameter, suitable to 
the inside drum of the casing. It is to be noted that the tap 
rivets through the wheel and drum are so spaced as to clear the 
grooves. 

The sizes in detail of the blades and the spacing of them 
are given in the following table (fig. 57). 
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Fig. 57. Table of Blading. 
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CHAPTER III. 

BUILDING OF A TURBINE. 

A DESCRIPTION of the building of a turbine, after the design 
and sizes have been fixed, may be of interest. The turbine, as 
will be seen from fig. 58, is divided along the line of the shaft 




Fig. 58. Port Low-pressure Casing, looking aft. 

into an upper and a lower half. On the latter, the feet for 
bolting to the engine seat are east, as can be seen from this 
figure. The photograph is that of a port low-pressure turbine 
looking aft; the large flanged opening on the left-hand side 
under portion is the steam admission from the exhaust end of 

42 
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the H.R turbine. As will be seen, the castings which make up 
this L.P. casing are four in number, there being a circumferen- 
tial joint at the exhaust end of the go-ahead drum. This is 
solely for the purpose of securing sounder castings and for re- 
placing a smaller portion in case of accident. These four 
castings come from the foundry in, of course, the rough condi- 
tion. The flanges are machined, and studs or fitted bolts put 
in place, until we get these castings put together as shown. 
The complete casting is then put in a lathe and bored out to 
the required diameter, but is not yet grooved. The casting is 
now tested to a certain pressure by hydraulic power, and, if 
satisfactory, is replaced in the lathe and grooved out as 
explained in the description of blading. While the casing is 
in the lathe, the opportunity is taken of boring out the seats for 
bearings and thrust-block. The bearing is a brass casting in 
halves lined with some soft white metal or anti-friction material. 
The thrust-block is also a brass casting in halves, the collars 
being put in separately and so placed as to suit the position of 
the thrust-rings on the shaft. Outside these bearings there is 
placed a cover which is bolted down to the studs shown at the 
right hand of the figure. There is a similar bearing at the after 
end but no thrust-block. After grooving, the casing is bladed 
in the manner described and is then placed in the lathe once 
more to have the ends of the blades trimmed up to give a 
certain diameter, which is fixed by the clearance allowed 
between the blade tips and the surface of drum. While all 
this has been going on, the rotor or drum has been prepared. 
The drum (generally a steel forging) comes to the shop as a 
cylindrical plate cylinder without ends, and of very approxi- 
mately circular section. The first thing to be done is to shrink 
into each end of this drum a cast steel wheel, into which has 
already been shrunk a shaft which will run in the bearings. 
After this has been completed, holes are bored and tapped 
through the drum into the wheel, care being taken that these 
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Fig. 59. L.P. Drum ready for turning. 




Fig. 60. L.P. Drum ready for blading. 
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Fig. 61. L.P. Drum being bladed. 




Fig. 62. L.P. Drum with Blading finished. 
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holes are clear of the grooves which are to be turned on the 
drum. Tap rivets are put in these holes, and well caulked up. 
The drum is then as shown in fig. 59. " This shows the LP. 
go-ahead and the astern drum, there being in this case an 
intermediate wheel between the one at the after end of the 
astern and the one at the forward end of the LP. drum. The 




Fig. 63. Portion of Drum showing Blades. 

white spots on the drum surface near the ends are the tap 
rivets. The drum is now ready for grooving; the other LP. 
drum may be seen behind in the lathe with the grooves partially 
cut. After grooving, and after the gland rings have been turned 
on the shaft, the drum is bladed, put in the lathe, and trimmed 
to the required diameter. Figs. 60, 61, 62, and 63 show the 
drum in various stages up to complete blading; fig. 64 
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Fig. 64. H.P. Casing in the rough. 




Fig. 66. Inside of L.P. Casing before grooving. 
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shows inside of H. P. casing in the rough ; fig. 65 inside of 
L.P. casing before grooving; and fig. 66^ inside of casing 
showing L.P. and astern turbines bladed. We now have the 
drum and casing all ready as far as blading is concerned, the 
thrust-rings being generally turned on the shaft when the drum 
is being trimmed. The most difficult and important part of the 
work now comes to be done, namely, to secure an accurately 
balanced rotor, so that vibration may be reduced to a mini- 
mum. It may happen that this is obtained without much 




Fig. 66. Inside of Casing showing L. P. and Astern Turbines bladed. 

trouble, but generally the reverse is the case. The method of 
procedure may be briefly described as follows : — The propellers 
are balanced carefully on knife edges ; also each revolving part 
of the turbine has to be separately balanced. When the rotors 
are completed they are placed on knife edges, and are tested 
and adjusted by the addition of weights to certain positions in 
the drum wheels. The arrangement of knife edges is shown in 
fig. 67. The blocks supporting the knife edges may be made of 
wood, well stiffened, or in the case of very heavy rotors, the 

1 Engineering ^ 1906. 
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blocks may be cast iron. The two knife edges are levelled up 
as accurately as possible, say, within two or three thousandths of 
an inch. Finally, the rotors are put in place in the casing and 
run under steam to test the balancing as measured by the 
vibration. While all this has been proceeding, the other parts 
have been got ready, e,g. pumps, condensers, governing gear, 
manoeuvring gear, shafting, evaporators, etc., so that we are 
now ready to instal this set of turbine machinery on board. 
One or two more photographs may be of interest: fig. 68 




Fig. 67. Balancing L.P. Rotor. 

shows the inside of the L.P. casing during boring out, top 
half removed ; fig. 69 shows port L.P. casing looking forward ; 
fig. 70 is the H.P. rotor bladed ; and fig. 71 is a view looking on 
the after end of the H.P. rotor. Such is a short description of 
the progress of a turbine through the shop. 



PRINCIPAL CONSTRUCTIONAL DETAILS. 

Many important details of construction and handling deserve 
complete and careful explanation for the satisfactory under- 
standing of turbine construction, but as the scope of these 

4 
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Fig. 68. L.P. Casing with Boring Bar in position. (Top half removed. ) 




Fig. 69. Port L. P. Casing looking forward. 
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Fig. 70. H.P. Rotor bladed. 




Fig. 71. H.P. Rotor showing Wheel. 
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Longitudinal View of finished Drum ready for placing into Casing. 




End View of previous Figure. 
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Enlarged View of Blading showing Position in Casing. 




Cover for Forward Bearing and Thrust Block. 



Digitized by VjOOQIC 



52 MARINE STEAM TURBINES. 

lectures is limited to the application of the steam turbine for 
marine purposes, it is not necessary to say more than is suflBcient 
for the comprehension of the machine in its application to 
these purposes. 

It has been seen that high revolutions can be associated with 
greater length of blades than low revolutions. It will be 
necessary to show the effect of variation of revolutions upon 
efficiency of propellers both on trial and in actual service. It 
will also be necessary to deal with the relation between the 
weight of a turbine and its revolutions. 

Having glanced briefly at turbines in their development, we 
may now consider the Parsons turbine. Figs. 53 and 56 show 
the turbine in detail. It has already been seen that the steam 
turbine is like the water turbine shown in fig. 3, but generally 
it is arranged to run on a horizontal axis instead of a vertical 
one, and consists of many turbines on the same shaft instead of 
one, as in the case of the water turbine. Figs. 56 and 72 show one 
of the turbines which is analogous to a water turbine, and, as 
already explained, has to be repeated so many times on account 
of the small density and high velocity of steam compared to that 
of water. It may be seen from fig. 72 that a single stage of 
steam turbines consists of a row of fixed blades, usually called 
guide blades ; and a row of moving blades, which may be called 
vanes. The steam enters the guide blades at a velocity of about 
150 to 250 feet per second. It is deflected round the guide 
blade and meets the moving blade, which latter has a peri- 
pheral or circumferential velocity of about one-half that of the 
steam. It impinges on this moving blade and is deflected by 
it from the path of entry, the deflection necessarily only taking 
place by a reactive force from the moving blade which causes 
the steam to change its motion. The force of this reaction 
is available for overcoming resistances in the turbine, and doing 
any outside work for which it may be intended. The steam 
is again passed through the guide blade of a second set, and 
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resumes approximately the direction of flow it had on leaving 
the first guide blades. From there it passes to the moving 
blade of this set, and so on, passing from set to set right through 
the turbine ; it thus imparts a succession of turning forces to 
the successive moving vanes. 

In the turbine shown in fig. 53, there are eighty rows of guide 
blades and the same number of moving blades. Each set of these 

circumferential pitch 

TWS 




vi = Velocity of steam leaving fixed blades. 

»2= „ „ moving blades. 

ti;i= Relative velocity of steam entering moving blades. 

v>2= ft » leaving „ 

Fig. 72. Diagram showing Flow of Steam. 



fixed and moving blades may be considered as a turbine in which 
a certain amount of work has been done by the change of steam 
from one pressure and velocity to another. If this amount of 
work had been done on a moving piston in a cylinder, such as 
that of an ordinary reciprocating engine, the pressure would 
have fallen and the volume would have increased ; and if these 
two quantities be represented by a diagram such as fig. 4, the 
work per unit of area of the piston will be represented by the 



Digitized by VjOOQIC 



54 MARINE STEAM TURBINES. 

shaded area of the diagram. If, instead of changing pressure 
and volume in a closed cylinder, the steam be free to escape 
into orifices like the guide blades of the first turbine, the work 
done will take the form of an increase of velocity of the particles 
of steam from practically zero to that represented by j2gW 
where W is the amount of work actually done upon the steam 
during its passage through the guide blades, and "^" is the ac- 
celeration of gravity 32*2 ft. per second per second. If the steam 
stream be free and not confined after leaving the guide blades, 
and if it impinges upon the . moving blades, it is usually called 
an action or impulse turbine ; but if the, stream is confined within 
a vessel so that the pressure will cause the steam to fill the 
spaces and the streams will flow through the vanes imparting 
their energy without shock, the turbine is called a reaction 
turbine. The Parsons turbine is a reaction turbine. The action 
of steam on the Parsons turbine may be seen in fig. 72. The 
relative velocity of the steam and the moving vanes is also given. 
The upper set of blades is fixed. The steam enters the guide 
blade, and, under the action of pressure, its velocity is raised 
to Vj^ at the orifices of the blades. The steam then passes into 
the space between the moving blades, and in its passage through 
this space it is constrained to take a path which is as shown in 
fig. 72. Consider first the action of the steam as it impinges 
on the edge of the moving blade at a^. This blade has a velo- 
city u perpendicular to the axis of motion, while the steam 
has a velocity v^^ acting at an angle a to that of the velocity u. 
The velocity v resolved in the direction of u will be much 
greater than u, and the steam will overtake the blade and can 
therefore impart force to the moving blade by the change of 
momentum in the steam. If we consider the blade aQb^ at rest, 
and the steam to have imposed on it a velocity equal and opposite 
to that of the blade, we shall have the same force exerted on the 
blade as if it were moving. The resultant of this velocity 
(opposite to that of the blade) and of the steam in its natural 
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direction will be the third side of the triangle Aa^O, and we 
may call this velocity w^. If now the blade be so shaped at 
the entrance that it is in the direction of w^^, we shall have no 
force exerted along the line a^b^ at %. If the blade be curved 
as af^Qy the steam will be constrained to move along the curved 
line, and a velocity will be imparted to it opposite to the direction 
of u and will cause a force of reaction on the blade which will 
tend to move it. If the direction of the blade at the entering 
part be not along the line of w, we can resolve the velocity into 
two parts, one along and one at right angles to the line of the 
blade. The part of the velocity at right angles to this line will 
be acting normally on a blade at rest, and therefore any steam 
acting in tliis way would have its direction of motion suddenly 
changed in an exactly opposite direction. This would involve 
a destruction of kinetic energy, and the transformation of it into 
heat, involving a loss which is usually called the loss by shock. 
In all parts of the turbine it is desirable as much as possible to 
prevent this change of kinetic energy into heat. Next consider 
the blade after the steam has moved some distance along its 
concave contour to, say, the line through P^. It commences 
to move through the vanes with a velocity v^, and leaves them 
with a velocity v^. Let a^bo, a^^, a^^, a^b^ be the positions 
of the moving blade during the time in which a particle of 
steam is passing through the blades. If we assume that its 
velocity along the blades is uniform, and divide the length of 
the path into equal parts, we get the path of the steam as shown. 
At any point such as p the true velocity will be along the path 
of the steam, and if we assume an imposed reversed velocity u, a 
triangle such as is shown in the middle of the diagram will give 
a value and direction for Wy the relative velocity, in terms of 
position in the passage of the steam through the blade. The 
direction of w should always be parallel to the tangent to the 
blade at the corresponding point. It will be seen that the 
turning of the line of flow of the steam from its initial direction 
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to its final directioD through the blades is what causes the blades 
to revolve. A force has to be exerted to deflect the steam 
stream, and that force turns the turbine blades. If the steam 
passes through a series of blades of the same section and the 
same height, its velocity will gradually increase under the 
action of the pressure of the steam ; and if this were continued 
far enough, we should get a very much higher velocity than 
would be eflScient in relation to the peripheral speed. It 
becomes necessary, therefore, at a certain stage, to increase the 
peripheral velocity, and this is first done by lengtheniY^g the 
blades. This is equivalent to an increase of area of section of 
flow, and must necessarily be associated with a reduction of 
velocity of steam. This reduced velocity in its turn is gradu- 
ally increased if the area of flow, that is, the height of the 
blades, is unchanged, and a point will again be reached in the 
velocity of the steam where the relation of the steam speed 
to the peripheral speed will be too great, and a further increase 
of length of blade must be made. It would be theoretically 
better to make a gradual increase in the length of the blade, 
but the practical diflSculty of construction due to having a curved 
surface would be considerable, and if the steps in increase of 
length of blade are sufficiently frequent, there is little loss of 
efficiency in adhering to a uniform height through the group, 
provided that the number in the group is not too great. This 
process of increase of velocity associated with the increase of 
length of blade reaches a limit when the length of blade be- 
comes too great for strength, for the increase of length must 
be associated with an increase of thickness which involves 
(1) reduction of area, and (2) losses, that, in the process of 
continued increase of velocity, will become serious. There 
comes then a stage where the peripheral velocity must be in- 
creased more than the small amount which it can be increased 
by lengthening the blades. In marine turbines it is usual to 
make this change of peripheral velocity by passing the steam 
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into a larger turbine, and most frequently into two larger tur- 
bines, so that a very considerable increase in the ratio of 
peripheral speed to steam speed can be secured. The division 
into two turbines and the increase of diameter of drum reduces 
the height of the blades at the beginning of the L.P. turbines 
to about the same as that at the beginning of the H.P. That 
is to say, the diameter of the L.P. drums is fixed to admit of 
this height of blade. 

The same process of increase of velocity goes on through the 
L.P. turbine, and has to be met by increased blade length at 
definite stages, until finally the pressure has so far fallen and 
the volume so far increased that most of the kinetic energy is 
taken out of the steam. 

The blades at the end of the L.P. turbine may be much 
longer than those at the end of the H.P., because the pressure 
which the steam exerts on these blades per unit of area is 
much less. 

DIMENSIONS. 

A description of the considerations which govern the details 
of dimensions may here be given. We have already seen that 
the shape and height of the blades depend on the relation 
between the steam speed and the peripheral speed. The steam 
enters the guide blade with velocity Vq, and has its velocity 
increased by steam pressure to v^. The amount of work done 
on each pound of the steam in the first guide blades (calling 
them a) is 

which can be converted into heat units given off, or heat-drop, 
as it is technically called, by dividing by 778. In its passage 
through the blades the energy given off by the steam can be 
measured by the gain in velocity relatively to the blades. This 
relative velocity increases in passing through the wheel because 
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it is the actual work, or the work which would be done on the 
steam (if we bring the wheel to rest by giving it and the steam 
a velocity u opposite to that which the wheel really has, then 
this actual work is the difference in relative work at the be- 
ginning and end of the steam passage through the wheel). 
Actually the work is done on the wheel, but the hypothetical 
reversion which keeps the wheel fixed in our view is only 
hypothetical. Hence the work done on the moving wheel a 
can be measured by the expression 

2g ""''- 




Fig. 73. Curve of Velocities. 



The steam enters the next guide blades with the velocity c^ 
in fig. 73, the third leg of the velocity triangle, of which u and 
w^ are the other sides. As before, the velocity passing through 
the guide blades is increased, and the same series of changes 
takes place in it and in the moving blades. It should be noted 
that the starting torque is much greater than the torque at full 
speed and well under way by an amount which can be deter- 
mined from the base of the velocity triangle. 

The relation between c^, c^, w^, w^, ^2 • • • depends on the 
form of the blades and the angles of entrance and exit. The 
determination of the values of the heat-drop in each set of guide 
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and moving blades is simpliReid by assuming that the angle of 
exit of the guide and moving blades is the same, and that the 
exit velocity of steam from the guide blades c^ is the same as 
the relative terminal velocity w^ in the moving blades of the 
same set, and that the exit steam velocity of the moving blades 
Cg is the same as the relative entering velocity w^. This is 
expressed as w^^G^^] 03= ^i- The relations between these can 
be determined from a diagram of velocities such as in fig. 73. 



taat tt/ittM 




Fig. 74. Diagram of Heat- Drops. 



cj, cf . . . are the velocities of the steam 



at the exits 

to the guide blades a,b, c, d . . . and they must be determined 
from an arbitrarily chosen curve. The first ordinate is usually 
fixed at about 100 feet. Cases of actual velocities of periphery 
u have been already given, and c is usually taken about twice 
that of u. The terminal velocity is also usually determined 
from the results of observations of the final pressure at the exit 
of the last vane. A hyperbolic curve is drawn between these 
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points as in fig. 74.^ With this curve we can determine the 
value of €f\, cj, cf, €f{. From these values the corresponding 
values of Cg can be determined, and, as by hypothesis Ci = t^2 
and C2 = i^i» we have all the velocities. The series of drops will 
be as follows : — 

-— — ? for guide blades a, 

-*- — - = ^ ^ "^ for moving blades a, 

^ ,^ '^ for guide blades h, 

-^pr — -' = ~r-'' for moving blades J, 
2^ 2^ 

and so on. 

From these a series of heat-drops can be calculated and put 
into the form of a curve. In fig. 74 the assumption is that 
the blades are in four sets of gradually increasing length. 
Where the length changes there will be a sudden increase in 
the heat-drop, the amount of which will depend on the increase 
of length of the blade. 

To find the actual value of the total heat-drop throughout 
the turbine we must know the total H.P. required. The area 
at entrance can be determined from the consumption of water 
in lbs. per I.H.P. per hour and the volume of 1 lb. of steam at 
the initial pressure. The actual area is not the annular space 
between the drum and casing, because the area of entrance is 
through the guide blades, and if we take the steam velocity v^ 
at the a guide-blade exits, we see (fig. 72) that the area in all the 
guide blades will be the annular space multiplied by the sine of 
the angle of exit of the guide blades. This angle in the actual 
case taken is about 30°. These considerations fix the length of 

^ Stodola's Steam Turbines. 
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the blades. Take the case of the channel steamer whose periph- 
eral velocity, is 98 feet per second and whose angle of entrance 
is 30°, H..P. is 7400, and revolutions 630. If we assume initial 
pressure.to be 125 lbs., we find the volume of 1 lb. of steam at 
this pressure will be 3*17 cubic feet. The length of blade is '8 
inch, and, allowing for clearance, we may take disc area available 
for steam entrance as '82 inch. Assume water consumption to 
be 15 J lbs. per H.P. per hour. From these data we get velocity 
of steam 

.^ 7 400x15 5x317x144 _^^^ 

' 30*x 82x-5tX7rx3600 



The general formula is 



c.=^J^^^ 



25D/7rsina 



/ = length of blades in inches + clearance, 
a = angle of exit from guide blades. 
P = I.H.P. 

i^ = water per H.P. per hour. 

Vp = volume of 1 lb. steam at pressure p per square inch. 
D = diameter of drum in inches. 
Knowing c^ for a successful turbine, we may assume it for a 
new design, and from this deduce the length of the blade 

25<D7rsintt' 

Having obtained the heat-drops from the velocity curves 
through the stages of equal diameters, we come to an increase 
in length of blade and a small increase in diameter. Passing 
from the blade of length l^ to blade of length l^, we should have 

a sudden decrease in velocity in the ratio of ^, and this will 
cause a sudden enlargement in the drop-curve. This can be 

* Diameter of drum. t Sin 30'. 
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easily estimated by taking the velocity immediately before the 
drop and reducing it in the ratio J. Then the difference of 

squares divided by 2g will give the enlarged drop at this point. 

There is a constant fall in pressure in the steam which can be 
obtained when we have fixed the drop-curve. From this 
pressure curve, which is shown in fig. 75/ we can get the volume 
per lb. of steam, and knowing the velocity, we can see if the 
blade length is sufiRcient. If we start with a continuous drop- 
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Fig. 76. Specific Volume and Weight. 

curve based on an assumed velocity of steam at exit of the guide 
blades, which is also a continuous curve, we can get a continu- 
ous pressure and a continuous volume per lb. of steam curve. 
From this we can get the necessary length of blade for a given 
angle of exit. 

It will be generally found that the later blades are too long, 
and it will be necessary to increase the diameter of drum to 
increase the peripheral speed, and also to increase the angle of 
^ Stodola's Steam Turbines. 
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exit to widen the area of flow. These changes will introduce a 
discontinuity into the curve unless it could be possible to 
continuously increase the drum diameter or the angle of exit. 
This is not practicable, so that these changes have to be made 
in steps, and, obviously, the effect of the steps can only be 
determined by working out pressures, weights per lb., and 
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Fig. 76. 

velocities to suit the chosen steps. If the results are harmoni- 
ous, the design may be considered satisfactory, and if not it 
must be changed and new calculations made, so that to arrive at 
a satisfactory result a process of trial and error must be adopted. 
No dou]3t experience enables designers to approximate very 
closely to satisfactory results without making many steps in the 
process. Figs. 75 and 76^ show the result of such a set of 
calculations. 

* Stodola's Steam Turbines. 
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CHAPTER IV. 

SCREW PROPELLERS IN TURBINE VESSELS. 

The screw propellers, turned by the turbine, drive the ship. 
If the efficiency of the propeller and the turbines followed 
exactly the same relation to speed of revolution, the most 
efficient turbine would give the most efficient result in pro- 
pulsion. It is necessary to consider what makes for efficiency 
in the screw propeller and the turbine separately. Take the 
screw first. The pictures of the screws on the stern of a vessel 
show what kind of an instrument a screw is. Each blade is a 
piece of a surface which is swept out by a straight line revolv- 
ing uniformly about a fixed axis and moving at a uniform 
speed along that axis. The part of the surface appropriated 
for the form of a propeller blade is frequently elliptic in form, 
so that it is practically an elliptic plane slightly twisted and 
placed obliquely to the shaft axis. Every square inch of the 
blade in rotating meets with resistance due to the inertia of 
the water. This is usually considered as being of two separate 
kinds — one due to rubbing the particles of water out of the 
way, the other due to pushing them. We generally call these 
two kinds of resistance frictional and normal pressure re- 
spectively. For a given speed of blade through the water the 
more oblique the blade is the more will be the normal pressure, 
and the less oblique, the greater will be the frictional resist- 
ance. Also, the greater the area of the part of the blade 
moving at the given speed, the greater will be these resistances. 
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If the plane of the blade be at r^bt angles to the axis of the 
shaft, there will be no push in it. It will be all rubbing re- 
sistance. If it be in the line of the shaft, it will be all push 
and no rub. But in both these cases we shall have no reaction 
in the direction of motion, and there will be no force to cause 
propulsion. For positions of the blade between these two there 
will be both rubbing and 
pushing resistances, and 
there will be a resultant 
reactional push in the 
direction of motion which 
will vary from zero to a 
maximum and back again 
to zero between the two 
extreme positions of blade 
considered. What we 
have to find out is, 
where is this maximum 
and what is it. 

We will first try to 
see what goes on in the 
vicinity of a propeller 
when a ship is being 
driven by it. F^. 77^ 
shows the results of 
observations upon 
direction of the flow of 
water as a ship passes through it. The thick lines represent 
floating thin radial feathers which indicate the line of motion 
of the water relatively to the ship. This kind of change of 
relative motion is called stream-line motion, and its eflTect may 
be seen in actual forms round which flows a coloured fluid, as 
can be seen in Professor Hele-Shaw*s apparatus. This shows 
1 Trans, LN.A,, 1893. 

5 







fi^g Fig. 77. Showing the positions taken up by the 
stream lines at the stern of a moving vessel. 
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the same kind of view which one would have in looking over 
the stern or bow of a ship if the water were particoloured in 
a similar way. 

Suppose in this stream at the stern we put a revolving screw 
propeller. There will be a disturbance of these stream lines. 
The rubbing and pushing action of the propeller sends the 
water in many directions, and the action of rubbing and 
pushing will react on the propeller, and tend to resist the 
rotation of the propeller, and will push the ship ahead. The 
more push the reaction gives to the ship for a given turning 
effort of the propeller, the more efficient will be the result. 
We have seen that there is a zero of push ahead in two 
directions of the blade relatively to the shaft, and a maximum 
somewhere between. This will be so in the case of the pro- 
peller acting under the stern of the ship, but inasmuch as the 
direction of the water to the axis of the shaft and to the line 
of motion of the ship is itself varying and slightly oblique, 
the position of zero push will not necessarily be either at right 
angles to each other or at the positions square to and along the 
shaft as in the simpler case already dealt with. 

Let us consider the simpler case first. Suppose a propeller 
to be carried by a phantom ship having no form, but only a 
capability of (1) delivering a turning effort to a propeller, and 
(2) receiving a push from the propeller. Suppose the turning 
effort on the shaft to be always the same, and such as might 
be delivered by the steady pull of a rope on a drum attached 
to the shaft. If the blade of the propeller is placed in a plane 
square to the line of shaft, the resistance which the turning 
effort will meet with will be a rubbing or frictional resistance, 
and there will be no forward push given to the propeller by 
the reaction of the water. The shaft will run very fast, and 
its limit of speed will only be reached when the total rubbing 
resistances balance the turning effort due to the rope on the 
drum. A large amount of work will be done by the force in 
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the rope moving at a great speed. But the useful eflfect in 
propelling the vessel will be zero. If for a rope we were to 
substitute a turbine, we might have a very efficient turbine 
so far as work delivered in relation to weight of machine or in 
relation to steam used, but the whole combination of screw and 
turbine would be a useless machine. If we place the propeller 
blade in a plane along the shaft, we should get a large push 
resistance to the propeller, but it would all be in a direction 
square to the shaft, and no forward push due to the reaction of 
the water would be caused. As before the limit of speed 
would be reached when the resistance to pushing the blade 
through the water balanced the pull in the rope. This would 
be at a much lower speed than in the former case, and the 
work done would be less in proportion to the lowering speed. 
If the work were done by the same turbine as before, it 
would not be so efficient a turbine either in relation to its 
weight or to mass of steam used. We might be able to 
make it as efficient in relation to steam used by making 
it larger and heavier, but this would still more sacrifice 
its efficiency in relation to its weight. Whatever was 
done to improve the efficiency of the turbine in one 
respect or the other would not make the propeller drive the 
ship, and, as before, the efficiency of the apparatus would be 
zero. If, however, we put the propeller blade in some oblique 
intermediate position, we shall get less rubbing and pushing 
resistances than in the respective first and second cases, 
but we shall get some effective push or thrust in the pro- 
peller. Suppose by a process of trial we can get the exact 
obliquity which will give a maximum push forward for a 
given pull on the rope at a given speed, that is, for a given 
amount of work done per unit of time (usually called a given 
amount of H..P.), we should then have the best propeller result 
as far as the obliquity of the particular blades of the propeller 
are concerned. But we should only then have one best result. 
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Consider how many things have been given or assumed for the 
whole installation. First we assume a certain work done per 
unit of time called horse-'power. Next we assume a given speed 
of the rope and a given force. These two multiplied together 
give the H.P., but it is evident that one-half the speed and 
twice the force would give the same H. P. In fact there is a 
great variety of speeds and forces whose product is the H. P. , 
and each one of these will have a different effect on the pro- 
peller. It will also probably reduce the eflBciency of both 
weight and steam consumption if the H. P. be got in a turbine 
instead of a rope and drum. Increase of speed will increase 
forward push, but the obliquity of the blades may not be the 
best for this increased speed. The turbine would probably 
be increased in efl&ciency by the increased speed. But even 
with this set of conditions it may not be that this particular 
propeller, even if at its best obliquity, would be the best pro- 
peller for that particular speed of turning. Its blade area 
may be capable of improvement. It may be that the in- 
creased speed would cause too much to be done in rubbing 
and not enough in push, so that it will be seen that though a 
propeller may be the best for a given set of conditions, it may 
be that it is not the best best, but that a change of conditions 
may make a better best. Thus it is seen that for the highest 
efficiency not only is the best best propeller the best for its 
own turbine, but it must also have the best turbine. Some- 
times it is possible to combine these excellencies, but generally 
it is not, and the sacrifice of one or other bests has to be made. 

It is certain that we must study the turbine efficiency in 
terms of speed of rotation and H. P. , and the propeller in the 
same terms, and also in that of speed of ship. 

The subject is too wide and too difficult to deal with here in 
mathematical detail, but it may be sufficient to say that the 
whole subject has been treated experimentally by model pro- 
pellers as large as 16 inches in diameter, having varying areas 
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of blades, diameters, obliquities, usually called pitch, revolu- 
tions, and speed of ship. These five variables all cause varying 
efiBciencies, so that, treating eflSciency as the result of any of 
those five variables, we have six in all. It is to be noticed 
that efl&ciency of propeller is the ratio of push forward to 
turning effort, and these are capable of varying independently. 
It will therefore be necessary to cross-stratify all these combina- 
tions by finding how some vary while others remain fixed. 
For instance, for a given speed of ship and a given H. P. and 
given propeller we may trace the change of efficiency in 



-• 5CALF OF 3UP ffATIO— - 

Fig. 78. Single Efficiency and Turning Effort Curve. 

terms of revolutions. This is shown in such a curve as the 
figure 78,^ where A is efficiency and B turning effort. 

The best way to show this is to represent the revolutions in 
term of slip ratio. The pitch of a propeller is the amount it 
would advance in one revolution if it were moving in immov- 
able material. When moving in water it pushes the water 
back, and so does not advance so much. The difference between 
the advance of the ship in movable material, such as water, and 
in an immovable material in relation to the total movement in 
the latter case, is called the dip ratio. 

If we make a series of experiments of this kind on the same 
1 Tram, I.N.A., 1886. 
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propeller we should get for each speed of ship a curve of 
forward push called thricst and a curve of turning effort usually 




/frro/ut/onj of Jcrew p^r Minute 
Fig. 79. Thrust, Torque, and Efficiency. 

called torque. From these thrusts and torques we get efficiency 
which is thrust divided by torque, and we shall get a series of 




Fig. 80. Curves of varying Pitch Ratio. 

curves such as fig. 79,^ which will have different positions for 
maximum efficiency when plotted to slip ratio. 
1 Trans, I,N,A,, 1886. 
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It is well at this stage to consider what is the effect on the 
efficiency of a change of pitch ratio only. It has been seen 
that a given propeller has a definite diameter and pitch, the 
former being the diameter of the circle in which the tips of the 
blades rotate, the latter being the advance per revolution if 
there were no slip. In all propellers of this type, such as 
would be similar but to different scales, the diameter and pitch 
will always have the same ratio. The pitch ratio or the diameter 
ratio will be constant whatever variations may be made in the 



Fig. 81. Abscissae Value Curve. 

exact dimensions. But if we retain the form of blade we may 
make a series of propellers of the same type as the original, 
but with a series of different pitch ratios. This is a variation 
easily made, and its effect can be determined by experiment. 
In fig. 80 ^ such effects are shown, the different efficiency and 
thrust curves for the different pitch ratios being given plotted 
to slip ratios. The efficiency curves have the same maximum 
values. It is found by altering the longitudinal scale of each 
curve so as to bring the maximum efficiency ordinates together 
that the other ordinates coincide, and there is a common 
efficiency curve. Fig. 81 ^ shows these. The slip ratio is 
1 Trans, I.N A,, 1886. 
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constant along a curved line, as shown, instead of along a 
vertical line, as in fig. 80. Fig. 82 ^ shows the results of many 
such experiments for pitch ratios ranging from 1*0 to 2*4. 
They have all been brought to a base in which the maximum 
efficiencies of all are coincident, and it is a significant result of 
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Abs cjssae Values. 
Fig. 82. Varying Pitch Ratio Efficiencies. 

these experiments that the efficiency curves can all be repre- 
sented by one common curve by altering suitably their horizontal 
scales. These curves now represent the efficiency and thrust 
of a type of propeller moving at various speeds of ship and 
revolution, and if the curves be drawn for a given size pro- 
peller, we can get the values of the thrust for any other size 
J Trarhs. LN,A,, 1886. 
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propeller of exactly similar form moving at revolutions and 
speed of ship which give the same slip ratio, because with the 
same slip ratios the conditions of obliquity in relation to speed 
of ship and revolutions remain the same. The eflBciency will 
be the same for all sizes of similar propellers at the same slip 
ratio, and hence the curves of eflBciency and thrust will repre- 
sent all similar propellers if we know how thrust is affected by 
proportional change of dimensions. 

If we call P the forward push or thrust of the propeller and 
p 
T the torque, then - is the efl&ciency E. For similar propellers 

at the same slip ratio E is the same. 

P varies as the square of the speed of ship V. 

P varies as the square of the diameter of the propeller for the 
same speed of ship. 

Hence if we have such a curve as fig. 78, we can obtain the 
thrust of a propeller at any speed V and diameter D, provided 
that the revolutions are so arranged as to give the same slip 
ratio as the propeller experimented upon. Suppose these 
experiments enable us to determine the thrusts at all slip ratios 
for a propeller of 10 feet diameter in a ship at 10 knots, then 

P = l-^ ) (r-7: ) 't (where t is the ordinate of the thrust of the 

10 feet propeller at 10 knots), will give us the thrust of a 
propeller D feet diameter in a ship at V knots. This is done 
in fig. 82. The curves B are for a propeller 10 feet diameter 
and 10 knots speed, and therefore any ordinate of one of these 
curves represents the thrust of the 10 feet propeller of the 
pitch ratio of the particular curve ; and if it be multiplied by 

( Tt) vTn) ^^ ^^ S^^^ ^^® thrust of a propeller D feet diameter 

in a ship moving at V knots, provided that propeller is similar 
in form, has the same pitch ratio, and is run at revolutions 
which will give the same slip ratio as the 10 feet propeller. To 
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determine what these revolutions should be, it must be observed 
that since slip ratio is 

Revs. X pitch — V in feet 



we have 



Revs. X pitch 

Rjo-V _.._ V. 
Up Up' 



V , 
R^=^-^- 

Since pitch ratio and slip are both to be constant and 

D V V V 

— = C and — - = C — — = 1 — s = constant. Hence — - must be 

p B.p RD RD 

RD 

constant and -— is constant. If we set off a curve of revolu- 
tions for a 10 feet propeller of given pitch ratio, of which an 
ordinate r gives the revolutions for a given slip ratio, we see 

that r=^^^ and R = ^ for the propellers of the same 

pitch and slip ratios, but diameter D and speed V. Hence 

Y 
R = r.— will give us the revolutions at which the enlarged pro- 
peller must run to conform to the conditions of having the 
same pitcli and slip ratios. This has been done in fig. 82 for 
all the points on the curves of thrust, and the results are given 
in the curves c. 

Let us now see what we have obtained. We can find 
the push forward of a propeller of one type of form at any 
speed of ship, pitch ratio, and diameter, and we can determine 
the revolutions at which it must rim in order to produce this 
thrust. We can also, from the efficiency curve, see which of 
these combinations will make a high and which a low efficiency. 
We can determine, from the efficiency, the turning effort 
necessary to obtain the required push, or, conversely, the push 
obtainable from a known turning effort. In other words. 
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we are able to choose the size and revolutions of propeller of 
one shape which will give us the required push at the necessary 
speed of ship, and we know how much torque or H.P. has to 
be produced in the motor to give the thrust. We have thus 
some freedom of choice in selecting conditions of propeller 
which best suit the motor. Generally we may take it that 
high revolutions are associated with lightness of motor, and 
are not dissociated from efficient steam use, so that generally 
the motor is on the side of high revolutions. It will be seen 

/ J)\2/ V"\2 

that for a given value of P = r_ j f _j . ^, if V and P be fixed, 

T>^.t must be fixed also. To every value of t on the curve in 
fig. 82 will correspond a value of D which will suit the chosen 
values of P and V, so that we have a moderately wide range 
of diameter from which to choose. At the low end of the t 
curve we shall require a high value for D and a low value 
for E, and vice versd. The value t really takes account of the 
change of effect due to a change of slip ratio. Hence D^.^ 
being constant, we can find a series of values of D with varying 
slip and pitch ratios which will give P, and we can judge by 
the position of the value of t along the base of the curve what 
kind of efficiency such values of D and t are likely to give. 

It may be noticed that scales are shown on the diagrams at 
the right for four-, three-, and two-bladed propellers, so that 
really the curves give a further choice in this direction. This 
will be better understood if we take an example. 

Suppose we require, as in a 22 knot channel steamer, a thrust 
of 15 tons in each propeller, then from the formula 



■-©•©■■'-^'5 



222 D2 

If D = 8 feet .'.t = 4-84 tons. 

If we choose a three-bladed propeller as most suitable, the 
line D E represents ^ = 4 '84. Hence we may get from the 
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diagram the following as a few of the suitable revolutions, pitch 
ratios, and efficiencies for an 8 foot propeller : — 



Pitch ratio = I'O 


1-5 


2-0 


r = 117 


101 


85 


R = r^. =275r=321 


278 


234 


Efficiency % 65 


64 


63 



If we take D = 7 feet, ^ = 6 "33 tons, the line G H gives this 
value : — 

r = 142 108 92 

K = rX. =3-14 r 446 339 289 
Efficiency % 66 63 61 

These two cases show that, with the type of propeller experi- 
mented upon, the efficiency falls oflf with decrease of diameter 
and increase of pitch ratio ; also that increase of pitch ratio 
reduces revolutions very rapidly. As lightness of engine 
increases with increase of revolutions, it is seen that, as a choice 
of evils, it is better to decrease diameter and reduce pitch ratio 
in this type of propeller. The foregoing example shows how we 
may select the propeller which best suits our type of engine as 
far as its revolutions are concerned. But there are propellers 
and propellers. The type chosen for experiment may be a very 
good one, and yet its progeny deduced in the way explained may 
not be the best possible for a chosen set of conditions. Another 
progenitor may be a much more suitable one to choose from. 
Hence we have to know the efficiency and thrust curves of a 
great variety of progeny proposing propellers. Some with large 
blade area. Some with small. Some with orthodox geometrical 
shapes, others with the Jones' patent, infinite speed propeller 
shape. We must explore the whole ground of possible variation 
in form and proportions of propellers. Hence the possible 
number of types upon which experiments could be made is not 
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small, and yet we cannot find the best propeller to harness to a 
given engine to produce a required result without this full 
knowledge. We further must know what is the effect which 
an unavoidable selection of a particular type of motor will have 
upon the efficiency of the propeller we are compelled to adopt 
to suit this motor. 

Before going to the wider question, let us consider the case 
of the particular type experimented upon. This type is one 
whose blades are ellipses having the long axis equal to one- 
half the diameter of the propeller and its short axis two-tenths 
of the diameter. The total area of three blades is three-tenths 
of the area of the circle swept out by the propeller. It is 
evident that a larger blade would give a larger push and would 
meet with more rubbing resistance, but what the net result in 
efficiency will be, only experiment can determine. It is only 
within the last few months that experiments covering the 
whole field of blade area have been available. 

These experiments were carried out at the United States 
Navy Tank at Washington ; their object was to find the power 
necessary to drive, and the efficiency obtained in, a series of 
propellers 16 inches diameter, having pitches ranging from 6*4 
inches to 24 inches, areas of blades from '12 to -56 of the disc 
area, and number of blades 2, 3, and 4. The blades were 
approximately elliptical in shape (see fig. 83). The results of 
these experiments were recorded in a standardised form based 
on the following considerations. At a constant speed of 
advance, say, five knots, if 17 = the useful work, and G the 
power absorbed by propeller 

^ = E, the efficiency. 

Then at a pitch f in feet and E revolutions per minute a 
slip s can be determined, and 

3,_U_PpE(l-s)_Pj>(l-s) 

G TRx2,r '2x1 ' ' ^^ 
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where T and P are the effective torque at 1 foot radius and the 
push or thrust of the propeller respectively. 

From the investigations upon the thrust, torque, and efl&ciency 
of an elementary oblique plane rotating about an axis, it may 
be shown that the total horse-power absorbed in turning an 
aggregation of these elements in the form of a screw propeller 
may be expressed by a formula 



^=Kot^^('^^+-^^) 



where a is a reaction or push and / a friction or rubbing 
constant ; X and Z are characteristics of the blade depending 
on the diameter ratio, the proportions and the shape of the 
blade, and n is the number of blades. 

101*3V 

Now pR=z- - , V being in knots ; 

(^ i — s ) 

so that if we put S = ?f,^^±^ 

we have by substitution 

G= -00312. ji.SD^V* . . . (2) 
and U = EG = -00312. E.n.SD^Vs . . (3) 

S for a given propeller depends only upon the slip, so that a 
curve of G's of a given propeller plotted to a base of slip will 
give us a curve of S's. 

But r = ^^ rp_ 2xT 101 -SSV . 

33,000' 33,000" p{\-s) ' 

^'tT . 1013V ^ .QQ312 . „ . SD* V^ ; 
33,000 p{l-s) 

pn(\—sy 
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In the experimental propellers 

V=5, D = ljfeet; 
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S = 



also from equation (1) S = 



•139T 
np(l—s) 

022P 

En ' 



(4) 
(5) 



Hence for a given propeller we can plot values of S when either 




Mean Width RaUo-350 tleanWidthRatiO'27S 

Fig. 83. Model Propeller Experiments. Shape of Taylor's Blades. 

P or T and e are known. If therefore S and e are known and 
plotted for a given propeller, we have its characteristics com- 
plete, and can apply the formula (2) to find the power expended 
in a larger propeller at other speeds and revolutions by the 
methods formerly explained. The efficiency of the model 
propeller at the corresponding revolutions or at the same slip 
per cent, will enable us to determine the power utilised. 

A series of experiments was first made on three-bladed 
propellers. Five different shapes of blade were made, and for 
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each shape six different pitch ratios were tried, thus giving thirty 
different propellers. Similar experiments were subsequently 
carried out on four-bladed, six-bladed, and two-bladed. The 
experiments on the six-bladed and two-bladed propellers were 
not so extensive as those on the three-bladed and four-bladed. 
The shapes of blades that were tried are shown in fig. 83.^ 

The curves in figs. 84 to 90 have been selected from the 
results of the above experiments on two-, three-, and four-bladed 
propellers. They have been grouped together as follows i — 



Number figure. 


Number blades. 


Mean width ratio 
of blade. 


Corresponding ratio. 
Total developed area. 


Disc area. 


84 

85 
86 
87 

88 
89 
90 


2 

3 
3 
3 

4 
4 
4 


•200 

•200 
•275 
•350 

•125 
•200 
•275 


•214 

•322 
•442 
•563 

•268 
•429 
•590 



In each of the above figures which fix number and shape of 
blades, we have the S and the E curves for six different pitch 
ratios plotted on a base of slip per cent. 

The pitch ratios chosen in each case were '4, '6, '8, l^O, 1*2, 
1-5 respectively. 

It will be seen that the field of exploration is fairly complete. 
Numbers, areas, shapes, and pitch ratios have been varied over 
an extent suflficient for all practical purposes. The wide range 
of the experiments enabled the investigators to conclude " that 
within working limits the propeller forces vary as the square 
of the speed of advance," that is, what we have called speed 
1 Trans. Amer. I.N. A., 1904. 
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of ship. It was only necessary, therefore, to give results at 
one speed of advance, viz., five knots. The power absorbed 
in turning a propeller having n blades of any diameter D 
at a speed of advance V can be got from the formula (2) 

G= -00312 Ti.SD^Vs, 
S being obtained from the curve for the particular type of pro- 




16 iO Z4 26 32 36 40 

Slip per Cent 

Fig. 84. Model Propeller Experiments. 

2 Blades. -2 Width ratio. 

" £," Efficiency curves for constant pitch ratio. 

'' S, ' Power coefficient curves for constant pitch ratio. 

poller whose area ratio, pitch ratio, and revolutions or slip ratio 
are known. The corresponding value of E, the efficiency, can 
be read off from the curves, and the value of the useful power 
U developed by the thrust of the propeller can be found. It 
may be noticed that for the constant speed of five knots at 

6 
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which all these results are set off, the variables are number of 
blades, pitch ratio, slip ratio, and area ratio, and the results 




16 20 2^ 

Slip per cent 

Fig, 85. Model Propeller Experiments. 

3 Blades. -200 Width ratio. 

*• E," Curves of efficiency for constant pitch ratio. 

" S," Power coefficient curves for constant pitch ratio. 

we obtain by experiment are power absorption and efficiency. 
We can show a series of any two of these variables on one set 
of curves by assuming the other two to be constant throughout 
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the series. If we select number of blades and area ratio as 
constant, we can set off a series of S values for varying pitch 




<y IZ 16 ZO 24 26 32 36 40 

Slip per Cent 

Fig. 86. Model Propeller Experiments. 

3 Blades. -276 Width ratio. 

" E," Curves of efficiency for constant pitch ratio. 

••S," Power coefficient curves for constant pitch ratio. 

and slip ratios, and we can set off a series of E values for 
the same pitch and slip ratios. We cannot treat the number of 
blades as a continuous variable, so that for one set of curves it 
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must always be constant, and we must always have a different 
set of curves for each number of blades. But with the pitch, 
slip, and area ratios we may make one constant and plot values 
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Slip per cent. 



24 



2e 



30 



36 



4^0 



Fig. 87. Model Propeller Experiments. 

3 Blades. '36 Width ratio. 

''S," Power coeiflcient curves for constant pitch ratio. 

" E," Efficiency curves for constant pitch ratio. 

of S and E for varying values of the other two. In figs. 84 to 
90 each figure shows the values of S and E for a constant pitch 
ratio, each curve of the series being for a specified width ratio, 
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the base being slip ratio. We are then able to see how 
S and E each vary according as pitch or area ratios are 
altered. 

By inspection it may be seen that : — 

(1) For propellers of the same number and area ratio of blades 
S increases rapidly with decrease of pitch ratio. 




16 20 2^ 26 32 36 ^0 

Slip per Cent 

Fig. 88. Model Propeller Experiments. 

4 Blades. 125 Width ratio. 

" E," Efficiency curves for constant pitch ratio. 

"8," Power coefficient curves for constant pitch ratio. 



(2) For propellers of the same number of blades for small 
pitch ratios the narrow blades absorb a little more power 
at low slips than the wide blades up to a certain point, 
after which, as the slip increases, the wide blades gradu- 
ally absorb greater power than the narrow ones. For large 
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pitch ratios the wide blades absorb slightly more power at 
all slips. 

(3) Maximum efl&ciency occurs at lower slips as the pitch 
and area ratios decrease. 

(4) The value of the maximum efl&ciency increases as pitch 




t6 20 20^ 
Slip per Cent 

Fig. 89. Model Propeller Experiments. 

4 Blades. '2 Width ratio. 

" B," Efficieucy curves for constant pitch ratio. 

" S," Power coefficient curves for constant pitch ratio. 



ratio increases for the smaller area ratios up to 1*2, but slightly 
decreases afterwards, but in the larger area ratio it continuously 
increases with increase of pitch ratio. 

(5) The value of maximum efficiency increases between 
area ratios '075 and '125, but decreases with further 
increase. 
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In order to make use of the curves given in figs. 84 to 90 
figs. 91 to 100 have been made. 

Consider the formula G= •00312nSD2V3. If we are given 
G and V, we can select n and D, and hence get a value of S. 
If then we can draw a horizontal line in any of the figs. 84 to 
90 at this value of S and set up ordinates at the intersections 
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16 20 24 

Slip per cent. 



32 



3€ 



40 



Fig. 90. Model Propeller Experiments. 

4 Blades. -275 Width ratio. 

" E," Curves of efficiency for constant pitch ratio. 

" S," Power coefficient curves for constant pitch ratio. 



of this line with the S curves, we get the corresponding 
efficiencies at the points where these ordinates cut the 
efficiency curves. Hence an efficiency curve corresponding 
to the given value of S may be drawn to the same abscissae, 
slip per cent. We also know the corresponding pitch ratio 
at each of these ordinates, and hence a curve of pitch ratios 
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can be set up for the given value of S and in terms of slip 
per cent. 

This has been done in order to get curves as in the figs. 
91 to 97. Fig. 91 is derived from 84, fig. 92 is derived 
from 85, etc. 




16 20 24 

Slip per Cent 

Fig. 91. Model Propeller Ex{)eriments. 

2 Blades. '2 Width ratio. 

•* E," Curves of efficiency for constant value of ** S." 

" P," Curves of pitch ratio for constant value of " S." 



The efficiency curves are lettered E, and the pitch ratio curves 
are lettered P. 

The value of S to which each curve corresponds is also noted, 
and the range of values that has been chosen depends upon the 
range of S in the original S and E curves. 
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From inspection of the E and P curves in the figs. 
91 to 97, it will be seen that for any of the chosen 
values of S we are able to fix the maximum efficiency 
point. 

Drawing the ordinate at this maximum efficiency point, we 
can get the corresponding pitch ratio, and the abscissa gives the 




ti 



28 52 



16 20 24 

3lip per Cent 

Fig. 92. Model Propeller Experiments. 

> Blades. -200 Width ratio. 

• E," Curves of efficiency for constant value of " S. " 

' P," Curves of pitch ratio for constant value of " S." 



56 



slip ratio. For example in fig- 91, which gives the E and P 
curves for two-bladed propellers of '2 width ratio, the S values 
chosen range from '2 to 2 '0. 

The following table gives the maximum efficiencies and the 
corresponding pitch ratios and slip ratios for each selected 
value of S : — 
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Value of S. 


Maximum 
Efficiency. 


Pitch Ratio. 


Slip per cent. 


20 


65 


•625 


28^2 


1-5 


67-7 


•705 


260 


1-25 


69-5 


•76 


245 


10 


71-6 


•825 


229 


•75 


74-9 


•92 


203 


•6 


77-0 


•99 


185 


5 


78-8 


106 


16-8 


•4 


806 


114 


15^0 


•3 


82-2 


1-25 


13-0 


•25 


83-2 


1-36 


11-3 


•2 


84-0 


1465 


100 



The figures in the above table have been plotted on a base of 
S value. The curves are shown in diagram 98. For each of 
the figs. 91 to 97 a similar table was made, and the results 
plotted. Fig. 99 gives the results for all the three-bladed 
propellers, and fig. 100 shows the curves for all the four- 
bladed propellers. 

These figures, 98, 99, and 100, are final diagrams, and can be 
made use of directly to determine the maximum efficiency, the 
pitch ratio, and the slip ratio corresponding to maximum 
efficiency for any given value of S. 

Suppose that for any given value of S we have determined 
E, P, and s (slip ratio) from the final diagram. Let the 
diameter which has been selected to give S be D. 

Then the pitch ^ = PxD 

and pE(l-s) = V(101-33); 

x._V(101-33) 
pil-s) ' 

We can thus obtain the revolution corresponding to maximum 
efficiency for any given value of S. 
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It will be seen from the figures that the very best three- 
bladed propeller may have an efficiency as high as about 80 per 
cent., while the very best four-bladed only reaches about 75 
per cent. The pitch and area ratios of this three-bladed pro- 
peller aire about 1*6 and '28 (of disc area), while in the four- 
bladed these values are I'l and "24 respectively. 




/J? IS 20 24- 26 

Slip per cent 

Fig. 93. Model Propeller Experiments. 

3 B1 ades. -276 Width ratio. 

•* B," Curves of efficiency for constant value of " S." 

'• P," Curves of pitch ratio for constant value of " S." 



It will also be seen that in both the three- and four- 
bladed propellers maximum efficiency is consistent with a 
very large range of pitch ratio, and corresponds in the 
three-bladed to about 12 per cent, slip ratio and in the 
four-bladed to 13 per cent, slip ratio. Of course the value 
of the maximum efficiency will vary very much with pitch 
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ratio, but the position of it in relation to slip will not alter. 
It may be interesting to notice that as between the three- 
and four-bladed propellers, while maximum efficiency occurs 
at about the same slip ratio, ie, at about the same revolu- 
tions in the same diameter propellers, that the corresponding 




// i6 20 

Slip per Cent 

Fig. 94. Model Propeller Experiments. 

3 Blades. -35 Width ratio. 

" B," Curves of efficiency for constant value of " S 

" P," Curves of pitch ratio for constant value of " 



area ratios are '27 and "36, the excess of the latter over the 
former being simply that due to the extra blade, viz. about 
one-third. The effect of this extra blade only seems to be 
to detract from efficiency, as it lowers the maximum possible 
from 80 per cent, in the three-bladed to 75 per cent, in 
the four-bladed. 



Digitized by VjOOQIC 



SCRBW PROPBLLBSS. 



93 



It has been shown that the values of S increase with 
decrease in pitch ratio, i.e. increase of diameter ratio, ranging 
in four-bladed propellers having narrow blades (of, say, area 
ratio 17) from -1 at pitch ratio of 1*6 to I'O at pitch ratio 
of -4, and in broad blades (say, of area ratio of -65) from 




/6 20 24 

51 iQ per Cent 

Fig. 95. Model Propeller Experiments. 

4 Blades. '126 Width ratio. 

" E," Curves of efficiency for constant value of "8." 

" P," Curves of pitch ratio for constant value of "S." 



•1 to 2*0. These are very significant figures, and show the 
wide range of power absorption of different propellers. The 
value of S, except for small areas, increases with increase 
of area ratio for the same pitch ratio, the rate of increase 
being much greater for small pilch ratios than for large. 
Taking these two statements together, it is seen that to get 
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a large value of S small pitch ratios and large area ratios 
are necessary. 

Having described these curves we may now, by concrete 
examples, see their application to screw propellers. Let us 
take the case of a vessel having three screws driven by three 




a 16 20 24 

Slip per Cent 



26 32 



36 



Fig. 96. Model Propeller Experiments. 

4 Blades. -2 Width ratio. 

" E," Curves of efficieDcy for constant valae of *' S." 

" P," Curves of pitch ratio for constant value of *• S." 



turbines or other motors, each capable of giving off 3000 H. P. 
to each screw shaft and collectively driving the vessel at 
23 knots. From the formula G = -003127iSD2V3 we get 
3000 = -00312 X 3 X S X D2 X 233 ; 

SD2 = 26-3. 
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This is a similar expression to the value ^D^ obtained earlier 
in this paper. 

From this value, if we choose D, we can find a value for S. 
It is better to select different values for D and to draw curves 
of efficiency, pitch, slip, and revolution in terms of D. The 




Fig. 97. Model Propeller Experiments. 



4 Blades. -276 Width ratio. 

" B," Curves of efficiency for constant value of " S." 

" P," Curves of pitch ratio for constant value of '* S." 



most favourable propeller to the given set of conditions can 
therefore be obtained. Selecting values of D from 4 to 10 feet 
we obtain values of S at which we can set up ordinates in the 
final curves. 

The following table shows how the results are obtained : — 
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SD2 = 26-3. 















. 


Revo. 


D. 


s. 


E. 


Slip. 


P. 


Pitch 


p(l-s). 


P Vx 101-33 


4 










P- 




p{l-s) 


1-65 


60-5 


372 


•92 


3-68 


232 


1008 


6 


106 


65-0 


330 


ro6 


5-30 


365 


655 


6 


•73 


690 


29-6 


1-185 


711 


5^00 


466 


7 


•536 


71-4 


26 7 


1-275 


8-92 


655 


356 


8 


•411 


736 


24^2 


1-340 


1072 


8-10 


288 


9 


•325 


75^0 


2r8 


1-380 


1242 


9-72 


240 


10 


•263 


760 


195 


1410 


1410 


11-38 


205 




/XS JO 

Vslue ot"S" 



J 252 



Fig. 98. Model Propeller Experiments. 

I raaximuin efficiency) 
Curves of < pitch ratio > for two-bladed propellers. '200 Width ratio, 

(slip ) 

" S " obtained from formula G= OOSlZnSDavs. 
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The first column gives the diameters that have been selected. 
The corresponding values of S are put in the next column. 
We are now left to choose width ratio. In this case the width 
ratio '275 has been chosen. We therefore get our results from 
diagram 99, and the series of "275 curves. Setting up ordinates 




125 10 

Value of^S'* 



J 257 15 



Fig. 99. Model Propeller Experiments. 



< maximum efficieDcy ) ( '20U Width ratio. 

Curves of •< pitch ratio >■ for three-bladed propellers. -<*276 



(slip 



" S " obtained from formula G= •00312nSDaV3. 



[•360 



at the values of S given in the second column, we can read off 
the results for E the maximum efiBciency, s the slip, and P the 
pitch ratio. These results have been tabulated in the next 
three columns. 

Multiplying P by D, we get the pitch in feet p. The sixth 
column gives the values of the pitch. 

7 
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S 6 7 e 3 10 II 12 13 14. 

Diameter in Feet 

Fig. 102. 4500 I.H.P. in each Propeller having three Blades. 

Selected width ratio = '275. 
Selected area ratio = '4427. 
Speed =23 knots. 




, Fig. 103. 8000 T.H.P. in each Propeller having three Blades. 

Selectetl width ratio =-275. 
Selected area ratio = 4427. 
Speed =19 knots. ^^ - 
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In the seventh column the values of ^ (1— s) have been put, 
and the last column is the revolutions which are calculated from 
101-33xV 



the formula E = 



These results have been plotted 



p{l-s) 

in curves in terms of D, and are shown in diagram 101. 
Other examples are given. 
Fig. 102 shows the curves for the propellers of the same 




// /2 /3 14 IS l£ 17 IS 19 20 21 22 23 24 25 26 

Di 3 meters in Feet. 
Fig. 105. 12,000 I.H.P. to each Propeller having three Blades. 

Selected width ratio =-275. 
Selected area ratio = '4427. 
Speed =19 knots. 

vessel, only in this case there are two screws ; the I.H.P. per 
screw is therefore 4500. The speed being the same, we get 
in this case an SD^ value of 39 '6. 

Fig. 103 shows the curves for the case of a vessel of 24,000 
I.H.P, There are three propellers, each three-bladed. 

Fig. 104 shows the curves for two different cases of large 
vessels, each with four screws. 

Fig. 105 shows the curves for the propellers of the same vessel 
as in fig. 103, only in this case there are two screws ; I.H.P. per 
screw therefore is 12,000. The speed is the same as before. 
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CHAPTEE V. 

COMBINATION OF TURBINE AND PROPELLER. 

Having shown the relation between revolutions, eflBciency, and 
diameter in a propeller, we may consider the effect of combining 
the various sizes of propellers with suitable turbines. 

We may first consider the general effect of revolutions upon 
turbine efficiency. The losses in a turbine may be classed 
under the following heads : — 

Friction. 

Steam shock. 

Leakage by clearance at ends of blades. 

The first loss depends on velocity of steam through the blades 
and the surface of blades. Assuming the same internal con- 
dition, viz. the shape and spacing of blades, variation of 
revolutions has no effect on friction. We have seen that 
increase of diameter and reduction of revolutions decrease the 
length of blade but increase the number in the same propor- 
tion, so that with the same speed of steam and periphery there 
is no difference in blade friction. Whatever loss may be due 
to friction on the surface of the casing or drum, will increase 
with the diameter. The loss due to friction is not the energy 
necessary to overcome the resistance, because some of the energy 
comes back in the form of heat. Hence the difference of this 
loss between the large and small diameters, and the consequent 
small and large number of revolutions, is small. 
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The difference of loss due to steam shock, with same internal 
conditions, may be neglected. 

The diflference of loss due to leakage by clearance at the ends 
may be considered as varying with the ratio of the annular 
area of clearance to the remaining annular area. We have 
seen that the annular area for a given H. P. and steam speed is 
constant for varying revolutions and diameter. The clearances 
may be expected to vary as the diameters, as it is only on 
account of possible variations in the actual amount of these 
clearances that they exist at all. If there could be such per- 
fection in the relation between the ends of the blades and the 
adjacent surfaces of drum or casing that the clearance would 
always be a known definite amount, that amount could be made 
practically nil. But this is impossible for practical reasons, since 
the larger the diameter of drum and casing, the greater ought 
the clearance to be, as the causes which tend to make the ends 
of the blades change their position relatively to the drum or 
casing, will be intensified with increase of diameter. But the 
loss will be in proportion to the ratio of the clearance to length 
of blade. Hence as length of blade decreases, and clearance 
increases with increase of diameter, the ratio of loss increases 
as the square of the increase of diameter. Assuming the actual 
loss to vary as the ratio of clearance to length of blade, it is 
easy to calculate the loss of efficiency in terms of revolutions 
and so get a combined efficiency of turbine and propeller as 
shown below. The results for a channel steamer are : — 



Propeller, . 

Per cent clearance 
loss in turbine, 


Diameter in feet. 


Revolutions. 


Efficiency. 


4 


6 


8 


10 


982 


480 


300 


208 


61 


68-6 


72-8 
12-0 
60-8 


75-6 
26-6 
49-0 


1-1 


4-8 












Nett 


effici 


3ncy, 


• 


59-9 


63-7 
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104 MARINE STEAM TURBINES. 

With reference to the matter of economy of the turbine 
as applied to marine purposes, there is still a great 
deal of conflict of evidence. Taking the few cases in 
which ships of similar form, having boilers the same, 
have been tested for water consumption, . I may state the 
following : — 

**King Edward": — Mr James Denny, in comparing the 
**King Edward" with a twin-screw triple-expansion engine, 
said the best that could possibly have been done was 19*7 
knots in the latter, against 20 '5 actually got from the * * King 
Edward." Of this ^^ths of a knot, Yo^hs is due to the lighter 
machinery and i^Jjths to the turbine, and that, while the gross 
gain due to the adoption of the turbine was 20 per cent., the 
relative efficiency of turbines and reciprocating engines with 
their accompanying propellers is 15 per cent. No statement of 
speed on service in relation to speed on the mile and its 
relative consumption has been published. The Midland 
Eailway boats, designed by the author's firm, were four in 
number. Three of these were exactly identical in form and 
construction, and with the fourth there was so little difference 
as not to interfere with the comparison. Two of these were 
fitted with turbines and two with reciprocating engines. One 
of the vessels with turbines and the two vessels with recipro- 
cating engines were the three that were identical in every 
other respect, except that the boilers of the turbine were 150 
lbs. against 200 lbs. in the reciprocating engines. They were 
all tried on the measured mile at Skelmorlie, at draughts 
corresponding to the same load. They were also each tried 
continuously for six hours, and during both trials the number 
of strokes of the feed pumps was recorded. These feed pumps 
were exactly the same in construction, and gave reliable com- 
parative results. 

In a paper read by the author before the British Association 
in 1905, the following statement was made: — 
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*' The ' Londonderry ' has turbine power sufl&cient to obtain 
the same speed as the vessel with reciprocating engines. The 
weight of machinery is less, and the saving in the weight 
reduces the displacement and the resistance of the vessel so 
that the power required for the desired speed is less. This ad- 
vantage to the turbine shows in its first cost as well as in the 
cost of running, and it leaves the comparison with the recipro- 
cating engine as one which includes in favour of the turbine the 
incidental advantage due to its light weight. One of the 
savings in weight in the * Londonderry ' was in the boilers, 
which, though of the same size and number as the other 
vessels, had a reduced pressure of 150 lbs. instead of 200 lbs. 
In the case of the other turbine vessel, the * Manxman,' the 
same saving in weight was not made, but a more powerful 
turbine was put in, and the boiler pressure was not reduced as 
in the ** Londonderry." By this arrangement the greatest 
power which the boilers could give was obtained, regardless of 
the weight of the turbine, instead of, as in the other case, the 
smallest weight for a given power. The net result was a 
maximum gain in speed of three-quarters of a knot, which, if 
the efficiency in the other two ships were the same, is the 
equivalent of a gain of 14 per cent, of power when the extra 
resistance due to the extra weight is allowed for. It is difficult 
to determine how much of this gain is due to the turbines, as 
the propellers were different in the three ships, and probably 
had different efficiencies. But from the result of steam-con- 
sumption observations, it appears that at about the maximum 
speed of 22 knots of the * Londonderry,' the slower vessel, the 
extra power required was more, while the resistance was less, 
the net difference in efficiency of turbine and propeller being at 
least 12 per cent, in favour of the * Manxman,' the faster 
vessel." 

Taking the results without any qualifications, and at the 
speed for which the vessel was designed, the mean of the 
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turbine compares with the mean of the reciprocating engine 
with an advantage of 15 per cent, for the former. 

The next case in which results of exhaustive experiments 
were published were those of the ** Amethyst" and '* Topaz," 
both of the same displacement, form, boiler installation, etc., 
the comparison of the results being in favour of the turbine 
vessel. At 22 knots (the maximum speed for which water 
consumption is given in the reciprocating engine vessel) the 
figures are 22 against 14. Inasmuch as these figures repre- 
sent lbs. per I.H.P., the horse-power being that of the " Topaz," 
it seems as if there is something radically extravagant in the 
'* Topaz," as the Boiler Committee reported that the total 
consumption per I.H.P. in the ''Hyacinth" and ''Minerva" 
averages about 17 '5 lbs. , while in the ' ' Saxonia " it was 14 '5 lbs. 
It cannot therefore be said that the comparative results 
obtained in the "Amethyst" are of much value. Curves of 
LH.R, coal and water consumed in lbs. per I. H. P. per hour, 
are given in fig. 106. 

Other results have been published, Mr Speakman giving a 
comparison between T.B.D.'s to 25 knots, showing a gain in 
favour of the turbine of 6 per cent. Mr Gracie of Fairfield 
has furnished comparative information of the coal consumption of 
two steam yachts, one with turbines and the other with recipro- 
cating engines. He gives the maximum coal consumption at full 
power in the case of the turbines as being about 1 '83 lbs. , and 
in the ordinary vessel 2 18 lbs. , which is an advantage of about 
17 per cent, in favour of the turbine. When we come to 
service conditions, however, it is a little difficult to confirm 
the trial advantages. The table appended shows some results 
in the form of tons of coal per knot, and also tons of 
coal per knot in proportion to the power required for driving 
the vessel. 

The following results were given in the author's paper for 
the British Association : — 
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Dimensions. 


Coal per 
H.P. 


Per passenger certified 
to be carried. 


Speed 

in 
knots. 


Coal 
burnt. 


No. of 
E.R. 
staff. 


Oil 
used. 


Cost of 
coal 
E.R. 

staff. 


"Queen" 
B. 
C. 
D. 


323' X 43' 
324' X 35' 
280' X 35' 
313' X 36' 


1-00 
1-43 
1-25 
1-9 


100 
1-74 
1-25 
2-07 


1-00 
2 03 
1-47 
1-73 


1-00 
2-97 
2-47 
2-69 


1-00 

1-8 

1-34 

2-06 


21-00 
18-00 
18-50 
17-50 



The figures given, except in the case of speed, are not absolute 
but only comparative. 

Mr K. J. Walker of the Parsons Company has given the 
following table, somewhat on the same lines for vessels on the 
same route. The " Viking " is a turbine steamer. The others 
are reciprocating. 





'* Viking." 


B. 


C. 


D. 


Length, .... 


350 feet 


360 feet 


330 feet 


265 feet 


Breadth, .... 


42 „ 


42 „ 


39 „ 


34 „ 


Draught, .... 


11 „ 


13 „ 


10 ft. 6 in. 


10 ft. 6 in. 


Displacemen t— tons, 


2400 


2940 


... 


1520 


Gross tonnage, . 


1990 


2140 


1657 


937 


No. of passengers cei-tified 










to carry. 
Total mileage per season- 


1950 


1994 


1546 


901 










knots 


8880 


7870 


9577 


12,072 


Coal per season — tons, 


4206 


4833 


4208 


3833 


Average speed of service- 










knots, .... 


22-2 


20 


19 


17 


No. of engineers, includ- \ 
ing greasers, . . | 


4 engineers 
3 greasers 


5 engineers 
5 greasers 
1 fanman 


4 engineers 
2 greasers 


3 engineers 
3 greasers 




f 


3 -cylinder 


2-cylinder 


twin-screw 


Type of machinery, . 


turbines < 


compound 


Gomjiound 


triple ex- 




[ 


paddle 


paddle 


pansion 


Tons of coal per knot, 


-472 


•614 


•439 


-317 
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A comparison was given in the author's British Association 
paper of 1905, in the form of the following table, but the 
actual figures now given are for a comparison extending over 
the whole time during 1905 on which the vessels were running 
together. 



R — reciprocating. 
T— turbine. 


Antrim. 
R. 


Lon. 
T. 


Lon. 
T. 


Don. 
R. 

78 

39-6 

19-3 
9-4 


Don. 
R. 


Man. 
T. 


Man. 
T. 


Antrim. 
R. 


No. of trips, . . 
Average coal per 

trip (tons), . . 
Average speed in 

knots, . . 
Speeds . \ 


72 

38-9 

20-0 
10-3 


72 

39-4 

19-7 
9-8 


78 

39-2 

19-9 
10-1 


26 

40-1 

19-3 
9-0 


26 

40-9 

20-5 
10-2 


21 

39-0 

20 4 
10-6 


21 

38-3 

19-6 
100 


Coal consumed J 


Coal consumed 
per cent, in 
favour of, . . 


4-8 


... 


6-9 


... 




11-7 


6-0 




Mean per cent, in 
favour of tur- 
bines, . . . 


Londonderry, 
1-0. 


Manxman, 

8-8. 



From these latter figures it will be seen that the economy of 
15 per cent, shown on trial has not been borne out in practice, 
and the important question is what is the cause of this differ- 
ence. As far as one can determine from the examination of 
the turbines, they seem to be in exactly the same condition as 
they were when new. 

The average speed for the year's running is: reciprocating 
vesseli = 20*0 knots, turbine vessel = 19*8, reciprocating vesselg 
= 19*3, but the consumption of coal was not quite the same. 
The average for the year's running for speeds reduced to the 
same coal consumption are : reciprocatingi 20*0, turbine 197, and 
reciprocatingg 19*2 knots. On trial the results for same 
consumption were : reciprocating^ 200, turbine 205, reciprocat- 
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ingg 19*2 knots. The averages at sea as compared with trial 
remain the same in the two reciprocating engine vessels, but 
have fallen off very much in the turbine. The author believes 
that he has put his finger on one principal cause of this 
inefficiency, and bases his belief on the application of the results 
of observation on revolutions of propellers at sea to find the 
extra resistance met with compared with that on trial. It is 
generally known that slip is the cause of thrust in a propeller. 
An increase of resistance can only be overcome by an increase 
of thrust if speed is to remain constant. Thrust can only be 
increased in the same propeller by increased slip, and is 
measured by it. It was found that in one of the recipro- 
cating engine vessels on the voyages in which she was at the 
same time on service with the other, the average thrust was 
increased to 1*29 times that necessary on trial to produce the 
average sea speed of 19*85 knots as against an increase of 1*4 
in the other reciprocating engine vessel at 19*24 knots. When 
the first reciprocating vessel was on service with the turbine 
vessel, the ratio of increase of thrust of the former was 1*23 at 
2012 knots against 2-43 in the latter at 19*8 knots. The 
second reciprocating vessel's increase when on service with the 
turbine was 1*37 at 19*37 knots against 2*45 in the turbine at 
19*86 knots. It should be noticed that at different times the 
increase in resistance in the various cases is nearly identical for 
individual ships; 1*29 and 1*23 for the first reciprocg^ting vessel, 
1*4 and 1*37 for the second reciprocating, and 2*43 and 2*45 for 
the turbine vessel in the two cases. The number of runs in 
each case was from 50 to 70, a sufficient number to form a 
reliable average. The extra resistance of ship must really be 
the same in all the cases. The increased amount of the thrust 
may not all be real in the reciprocating vessels, but it shows a 
striking difference between these and the turbine, substantially 
IJ to 2|, which is an increase of 33 per cent, as against 150 
per cent. Naturally the first suggestion is that the 5 feet 
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propellers of the turbine are much less efl&cient than the 11 
feet propellers of the other vessels, when the extra resist- 
ance of service, whatever it may be, is operative; but it is 
easy to calculate the difference of efficiency, and it is negli- 
gible compared with the difiference of 1 J and 2^, and some 
other cause must be found for this result. If the pressures per 
unit of turbine jpwpdleT area on trial be estimated, it is found 
that on the official trial at 21-6 knots it is represented by 13-25, 
while at 20 knots on trial it is 11*0. If we increase the figure 
11 in the same ratio that the service resistance of the recipro- 
eating vessels is increased, viz. IJ, it becomes 14*6, which is 
in excess of that reached on trial. This points to the 
extreme probability of cavitation as the cause of the enormous 
increase of slip on service. Some confirmation of this is given 
by the fact that during the trials a speed of 22-3 knots was ob- 
tained with evidence of cavitation, and at a pressure represented 
by about 14*2. It seems therefore extremely probable that 
on service the pressures are much greater than on trial, and 
that at times cavitation takes place. The failure to reproduce 
on service, in the turbine vessel, the advantage of 15 per cent, 
obtained on trial, seems to be adequately explained by ineflJ- 
ciency of propeller without any suspicion of defect on the 
part of the turbine itself. This is to some extent confirmed 
by the fact that in another turbine vessel on the same trade 
the inefficiency of the propeller is evident, but in a less marked 
degree, as the pressures on trial were much lower. 

It should be noted that the average extra thrust must be 
made up of many results in which the individual thrust must 
be much higher, in some cases, than the average, and in which 
cavitation must be very marked. 

In other turbine vessels which have been successfully running 
they have had no similar reciprocating vessels on exactly the 
same service, or if they have, the results are not available for 
comparison. There seems good reason to conclude that the 
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turbine vessels would have been more efficient performers at 
sea if they had been less efficient on trial, and the desire to 
obtain high-speed results on the measured mile has caused loss 
of efficiency on service. There is also reason to believe that 
this can be avoided in future and corrected in existing vessels. 

It may be of use and interest to give some idea of the relative 
weight of turbine and reciprocating machinery in different 
types of vessels. Table A gives this for channel steamers in 
terms of tons per I.H.P. ; Atlantic liners are also included. It 

Table A. — Machinery Weights of Channel Steamers. 





Knots. 


I.H.P. 


Tons per I.H.P. 


Engines. 


Total. 


Turbines, 


21 to 23 


5000 to 10,000 


021 


•075 


Reciprocating, 


20 to 22 


5000 to 8000 


•04 


•115 




Atlantic Liners. 






Turbines, 


19 to 20 


25,000 


•09 


•19 


Reciprocating, 


18tol9 


22,000 


•10 


•20 



will be noticed that the weight of turbine machinery per I. H.P. 
in channel steamers is about j^oth of a ton, while with recipro- 
cating engines it is about double, namely, j^q^^- Table B gives 
corresponding particulars for warships. These figures are much 
less than those of channel steamers. There will be a gain in 
efficiency in the latter class at sea by making larger turbines of 
lighter construction. The stresses in the revolving drum due 
to the centrifugal force do not generally exceed one ton per 
square inch. The outside casings are at present of cast iron, 
and probably could be made much lighter. The cost of upkeep 
is inappreciable in a turbine. The owners of the " King Edward " 
state that the actual repairs since she started running have 
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been nil. The only expense is due to the opening up for 
inspection every winter to satisfy the Board of Trade. The 
amount of oil used to make up the supply for the main bearings 
is about one gallon per month. The total cost of oil for engine- 
room and auxiliary machinery does not exceed £1 per month. 

Table B — Weights of Machinery. 



Vessel. 


Trial 

speed 

(knots). 


I.H.P. 

(approx.) 


Weight in tons 
per I.H.P. 


Engines, 
shafts, and 
propellers. 


(6) 

As in (a), 

plus boilers 

and water. 

•0218 
•0233 
•0157 
•0169 
•0339 
•0538 
•0475 


Reciprocating T.B.D., . 

>» » 
Turbine „ 

„ cruiser, . 
Reciprocating „ 
Turbine scout, 


3000 

31^50 

37-00 

32-00 

23-63 

22103 

2400 


5,800 
7,700 
12,000 
10,500 
14,500 
9,900 
16,000 


•0104 
•0113 
•0060 
•0073 
•0178 
•0261 
•022 



Table C gives data for several turbine steamers. 

A description of a few of the different types of turbine vessels 
is given below. 

The first turbine steamer to be run commercially was the 
''King Edward" (fig. 107). She plys on the Firth of Clyde, 
and her average sea speed is about 19 knots, with an average 
coal consumption, including lighting up, etc., of 18 tons per 
day. 

8 
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TABLE 0— DATA FOR 



Vessel. 


Type. 


L. 


B. 


D. 


Draught 


A 

about. 


^B, 


Trial 
speed. 


Bevolu- 
Uons. 






ft. 


ft. 


ftins. 


ft. 










"PrinoeaseElizabeth,' 


Channel steamer 


344 


40 


2S3 


9 


2,000 


•566 


24-00 


600 


"Viking,". . . 


>» 


350 


42 


26 8 


11 


2,400 


•619 


2363 


430 


"Manxman," . 


i» 


330 


43 


25 6 


11-66 


2,270 


•480 


2300 


642 


"Londonderry," 


»> 


330 


42 


26 6 


11-5 


2,160 


•472 


22-29 


664 


"Queen Alexandra," 


Pleasure steamer 


270 


32 


11 


6-5 


800 


•499 


21^6S 


760 


"King Edward," . 


» 


260 


30 


10 6 


6-0 


643 


•500 


20-48 


606 


" Bingera," 


Cargo and pass. 


300 


40-5 


19 1 


14-6 


2,680 


•634 


17-46 


690 


"Victorian," . 


AtUiBtic liner 


640 


60 


42 6 




Trial 
13,000 




19-6 


326 


"Dieppe,". . . 


Channel steamer 


280 


34-6 


14 6 


9-25 


1,860 


•680 


21-76 


626 


"Loongana," 


Cargo and pass. 


300 


431 


28 


12-6 


2,600 


•541 


20-00 


700 


" Carmania," 


Atlanticliner 


678 


72 


62 


30-0 


27,600 


•64 


20-19 


186 


"Brighton," . . 


Channel steamer 


280 


34 


22 


9-26 


1,260 


•5 


21^00 


496 


"Queen," . 


>f 


310 


40 


26 


9-88 


1,750 


•6 


21^26 


480 


"Onward," 


>* 


310 


40 


26 


9-88 


1,750 


6 


22^8 


440 


"Invicta," . . 


n 


310 


40 


26 


9*88 


1,760 


6 


23-94 


440 
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TURBINE STEAMERS. 



Kquiv. 
I.H.P. 
approx. 


No. of 
shafts. 


Screws 


Diam. 
of pro- 
peller. 


Aver, 
service 
speed. 


Coal 
con- 

smnpt. 
per 
knot 

(tons). 


Length 

service 
run. 


Astern 
speed. 


Boilers. 


shift. 


W.P. 


No. 


D. 
ft. his. 


L. 






ft. ins. 












ft. ins 


10,000 


3 






21-75 


•357 


68 


16-2 


150 


8S.E. 


15 


11 


9,500 


3 




6 6 


22-2 


•472 


55 




160 


4D.B. 


15 


19 6 


9,000 


3 


^{ 


6 2C. 
5 7W. 


} 21 


•325 


57 




200 


/2D.E.) 
ilS.E.f 


15 7 


/22 2 
111 5 


7,200 


3 




5 


19-8 


•357 


110 




150 


J2D.E.) 


15 6 


/22 2 
111 5 


4,400 


3 








•114 


80 




150 


ID.E. 






3,600 


3 


M 


4 9C. 
3 4W. 


J 190 


•112 


80 




150 


ID.E. 






4,500 


3 














160 








12,000 


3 




8 8 


17-0 








180 


9S.E. 


17 


12 


6,500 


3 




5 3 






63 




150 


4S.E. 


14 9 


11 3 


6,000 


3 




5 3 


















24,000 


3 




14 










195 


/8D.E.) 
\5S.E.r 






6,000 


3 






















8,500 


3 


M 


6 2C. 

5 8W. 


}•• 


•• 




13-0 


150 


■}2SE."j 


14 


J 20 6 
(10 6 


9,000 


3 




6 6 








16-0 


150 


f2D.E.\ 

12S.E. / 


14 


120 6 
no 6 


9,000 


8 




6 6 








160 


150 


/2D.E.\ 
I2S.E. / 


14 


/206 
\10 6 
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Fig. 108 shows the cross-channel steamer '* Queen," which 
runs between Calais and Dover. She attained a speed of 




Fig. 107. "King Edward." 

21 '76 knots on trial, and she can go astern at 13 knots. In 
comparison with this we have a sister ship (the ' * Onward "), 
built last year, with a trial speed of 22*94 knots and a backing 




Fig. 108. ''Queen." 

speed due to a lengthened astern turbine of 16 knots. It is 
worthy of note that the boilers in both these vessels are 
identical, so it is evident that the gain in speed is due to a 
better knowledge of turbine construction and design than 
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was obtainable when the machinery and propellers of the 
* ' Queen *' were designed. 




Fig. 109. •' Princess Maud." 

The next photograph (fig. 109) is the ** Princess Maud," 
built for the Stranraer and Larne service. Fig. 110 shows the 
** Londonderry," one of the Midland Company's steamers, and 




Fig. 110. "Londonderry." 

the one with which the reciprocating engine ships were 
compared. She attained a speed on trial of 22*3 knots. Fig. 
Ill shows the second and more powerful of the Midland 
Company's turbine vessels, the "Manxman." Her trial speed 
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was 23 knots. In fig. 112 is shown a photograph of the model 

of the same vessel. This gives a 

good idea of the under -water 

portion of the ship. The next 

photograph (fig. 113) shows the 

channel steamers "Invicta" and 

'* Onward," of which mention has 

already been made. Fig. 114 is 

the " Brighton/' which runs on the 

Newhaven and Dieppe route. Fig. 

115 shows the stern and propellers 

of the turbine yacht "Lorena." 

This shows very clearly the shape 

of the propeller blades. Figs. 116 

and 117 show the Allan liners 

" Virginian " and ** Victorian." 

The turbine steamer '' Turbinia " 
(260 feet x 33 feet x 20 feet 

9 inches), fig. 118, is a pleasure steamer built to run on Lake 
Ontario. She has a draught of 9 feet 6 inches and a displacement 




Fig. 115. "Lorena." 




Fig. 116. " Virginian." 



of about 1100 tons, is driven with three shafts, one propeller 
(4 J feet diameter) on each shaft, and has a speed of 19 knots. 
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She was built to Board of Trade scantlings for channel service, 
but has made a satisfactory trip across the Atlantic, and was 




Fig. 121. " Dieppe." 

the first turbine steamer to trade in America. Her summer 
service is from Hamilton to Toronto, on Lake Ontario, and her 
winter service from the mainland to the West Indies. Figs. 




Fig. 122. **Princesse Elizabeth." 

119 and 120 are two turbine vessels for the British India Steam 

Navigation Company, built to trade between India and the East. 

The next photograph is that of the " Dieppe" (fig. 121), built for 

the same service as the '* Brighton." Fig. 122 shows the Belgian- 
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built steamer " Princesse Elizabeth," which attained a speed on 
trial of 24 knots, and has astern power to give 16*2 knots. 




Fig. 123. "Maheno.' 

Figs. 123, 124, and 125 give a very good idea of the 
**Maheno," belonging to the Union Steamship Company 

of New Zealand. As an 
example of the reliability of 
turbine-running, this vessel, 
immediately after her trial 
on the Clyde, left for Dur- 
ban, 7000 miles, which she 
reached without a stop, and 
from there she went direct 
to Melbourne, a further dis- 
tance of 5500 miles. A re- 
sult surely worthy of com- 
mendation. 

H.M.S. *' Amethyst" (fig. 
126) is a third-class cruiser, 
360 feet x 40 feet x 14 feet 
6 inches draught, displace- 
ment about 3000 tons. Maximum speed 23*63 knots at 490 
revolutions, the equivalent I.H.P. being about 14,000. The 
propellers are about 6 feet 6 inches diameter. 




Fig. 124. Stern of *' Maheno." 
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Figs. 127 and 128 are views of the T.B.D. "Viper," which 
attained a speed of 3711 knots on trial, but was wrecked during 
the Fleet manoeuvres on the French coast. A similar vessel 
is the " Velox" (fig. 129), only she is of 32*0 knots on trial. 




Fig. 129. T.B.D. "Velox." 

The T.B.D. "Eden" (fig. 130) represents another class of 
torpedo destroyer which originated after the scare produced by 




Fig. 130. T.B.D. *'Edeii." 

the " Cobra " breaking her back at sea. The speed of this class, 
due to the extra weight for strengthening, has been reduced 
considerably, the designed speed being 25 knots, but the trial 
speed was from 1 to 2 knots more. 
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With reference to the largest Atlantic liners at present 
running, fitted with turbine machinery, fig. 131 shows a view 
of the "Carmania" under easy steam. She is being tried on 
service with her sister ship the " Caronia," whose only difference 
is that she is fitted with reciprocating machinery. So far no 
reliable data has been obtained, but it is hoped that these 
particulars will soon be available. 

As the German nation had so long held the " blue ribbon " 




Fig. 181. "Cannania." 

of the Atlantic for speed and shortest passage, it was thought 
necessary to take some steps to give back to Britain her old 
supremacy. After much thought, investigation, and many trials, 
it was decided by the Cunard Company, aided by Government, to 
build two large express liners, both to be fitted with Parsons 
turbines. These vessels, when finished, will be the largest in 
the world, and will have a speed of 25 knots (fig. 40). The 
power required for these immense vessels to drive them at 
this speed will be equivalent to about 70,000 I.H.P. Thus we 
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have in the course of nine short years a development in Parsons' 
marine turbine of from 2000 I.H.P. in the " Turbinia " to the 
gigantic power required for these leviathans. Surely this is 
a testimony to the amount of confidence and reliance which 
is placed in this method of propulsion, and is a worthy tribute 
to the indomitable perseverance with which Parsons carried on, 
under so many difficulties, the first experiments which were to 
give to marine engineering an impetus greater than the world 
had ever seen. 
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and Bearing Springs.— Balancing.— VaWe Gear.— Slide Valyes and Valye G^ear Detalla— 
J^mlng, Bogies and Axle Tmcks, Badial Axle Boxes.— Boilenk-Smokebox, Blast Plp^ 
Firebox Fittings.— Boiler Monntings.- Tenders.- Bailway Brakes.- Lubrication.— Oon- 
snmption of Fnel, Eyaporation and Engine Efficiency.— rAmerican Locomotiyes.— Con- 
tinental Locomotiyes.- Bepairs, Banning, inspection, and Benewals.— Three Appendioea. 
—Index. 

"The work oohtadts all that gah bx lkabnt from a book npon such a sabjeot. It 
will at once rank as thb staitdakd wobk upon this iupobtant subsect.*'— Railway Jfagatim*, 



Now Ready. In Large 8vo. Fully Illustrated. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F. GAIRNS. 

Contents.— Introductory.— Compounding and Superheating for Locomotiyes.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. — Two-Cylinder Non-Automatic Systems.— Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem). — 
Four-Cylinder Balanced Sjrstems.— Four-Cylinder Divided ana Balanced Systems.-* 
Articulated Compound Engines.— Triple-Expansion Locomotives. --Compound Back 
Locomotives.— Concluding Bemarks Concerning Compound Looomotives.— The Use^of 
Superheated Steam for Locomotives.— Index. 



In Large Svo, Handsome Cloth, With Plaiea and Illuatrations. 16s, 

X^IOHT R AlX^iar JLY s 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.E., 

Late Deputy-Manager, North-Western Bailway, India. 
Contents.— DiaGUBaion of the Term "Li^ht Railways.*'— English RaUways, 
Rates, and Farmers. — Light Railways m Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland.— Road Trans- 
port as an alternative.— The Light Railwasrs Act, 1896.— The Question of 
Qaoge.— Construction and Working. — Locomotives and Rolling-Stock.— Light 
Railwa3rs in England, Scotland, and Wales. — Appendices and Index. 

** Will remain, for some time yet a Stakdabd Wobk In everything relating to Light 
Bailways."— Engineer. 

'* The whole subject is bxhaustivrly and prachoallt considered. The work can be 
oordially recommended as indispknsablx to those whose dnty it is to become aoqnalnted 
with one of the prime neceasitJew of the immediate fntnre ''—Railway OfficiaJ GcuftU 

LONDON : CHARLES 6RIFFIN & CO.. LIMITED. EXETER STREET, STRAND, 
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BNQINWERINQ AND MEOHANIG8, 31 

Fourth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous lUustrcUions, Price lOs. 6d, 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OF 
ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 

By CHARLES HURST, Practical Draughtsman. 

Paet I.— steam Engine Valves. I Part III.— Air Compressor Valves and 

Pamt II.— Gas Engine Valves and Clearing. 

Gears. | Pabt IV.— Pump Valves. 

"Mb. Hubbtb vajlvbs and valvb-gbaeino will prove a verj valuable aid, and tend te the 
prodnction of Engines of soiBRTific DBSiON and BCONOMicALWOBKiNe. . . . Will be largely 
■OBght after by Students and Designers."— iirarii>« Engineer. 

** As a practical treatise on the subject, the book stands without a rival"— ifecAantea^ 

World. ^==^====z 

Hints on Steam Engine Design and Construction. By Chables 
HuBST, ••Author of Valves and Valve Gearing.'* Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 

CoMTBHTS.— L Steam Pipes.— II. Valves— III. Cylinders.— IV. Air Pumps and Con- 
densers. -V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— VIII. 
Imbrication.- IX. Miscellaneous Details — Indbx. 

** A handy volume which every practical young engineer should possess."— !rA< Jiodel 
Engineer. 

Sixth Edition. Folio, strongly half-bound, 21s. 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and Victoria. 

*,* Published with the Concurrence oj the Surveyors- General for New South 

Wales and Victoria, 

"Those who have experience m exact Survby-work wiU best know how to apprecpte 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rbpbrbncb to but Onb Tablb. in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of sudh 
assistance fbw knowing of thbir publication will rbmain without thbm." 
—Engitteer. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 
' For Engineering, Technica/ and Allied Trades. 
By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 

in Mechanical Engineering at the Northampton Institute, London, E.C. 
"Cannot fail to prove practically serviceable to those for whom they have been 
designed." — Scotsman. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 
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Now Ready. Second Edition. Large Svo, Handsome Cloth. With 
IlliiBtrations, Tables, &c. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to the Midluid Railway Companj, 



R. MOUNTFORD DEELEY, M.LMech.E., F.G.S., 

Chief Looomotire Superintendent, Midland Hallway Company. 

CONIINTS.— L Friction of Solids.— IL Liquid Friction or ViscoBity, and PImUc 
Friction.— IIL Superficial Tension.— lY. The Theory of Lubrication.— v. Lubricants, 
their Sources, Preparation, and Properties.— VI. Physical Properties and Methods of 
Examination of Lubricants.— VII. Chemical Properties and Methods of Bzaminatlon 
of Lubricants.- VIIL The Systematic TestlDs of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.- XI. The Lubrication of Machinery.- Index. 

** Destined to become a OLASSIO on the subject."— IndustriM and Iron. 

*' Contains practically all that is known on the subject. Desenres the careful 
attention of all Engineers."- Jiat^u^ay Official Gazette. 



Fourth Edition. YwyfvJXy lUugtnUed. dolh, 48. M. 

STEAM - BOILERS: 

THEIB DEFECTS, MANAGEMENT, AND OONSTBUGTION. 
By R D. MUNRO, 

Chi^ Engineer of the SeottiaK Boiler Insurance and Engine Inspection Comptmj . 

Gbneral Contents.— I. Explosions caused (x) b^r Overheating of Plates— <a) By 
Defective and Overloaded Safety Valves — (3) By Corrosion, Internal or External— hU) By 
Defective Desi^n^ and Construction (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Staymg ; Strength of Rivetted Joints ; Factor of Safety)— II. Construction of 
Vertical Boilbrb: Shells — Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers— Table of Rivetted Joints — Specifications and Drawings m 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (^) aoo Ids. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefuUv studied, and always at hand."— C^//. Guardian, 

" The book is very useful, especially to steam users, artisans, and young Engineers."— 
Engineer. 

By the SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND.. 
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BNQINBERINQ AND MBGHANI08, 33 

In Crown 8w, Cloth, Fully Illustrated. $5, net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Praetiee in General Tool Grinding, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 
Introduction. — ^Tool Grinding. — £n:>ery Wheels. — Mounting Emery Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working.— 
Leading Types of Machines.— Concave and Convex Grinding.— Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. —Ward Universal Cutter Grinder. — Press. — Tool Grinding.^ Lathe 
Centre Grinder. — Polishing.— Index. 

" Eminently practical . . . cannot fail to attract the notice of the'users of this class of 
machinery, and to meet with careful perusal." — Chem. Trade Journal. 



In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 

Part L— The Petrol Car. Part II.— The Electrical Car. 
Part III.— The Steam Car. 



PART I.— THE PETROL CAR. (SECOND EDITION.) 5s. net 

Contents,— Section I.— The Mechanism of the Petrol Car.— 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines. — ^The Petrol.— The Chassis and Driving Gear. 
— Section II. — The Management of the Petrol Car. — The Engine.— 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. — General Management. — Glossary. — Index. 

'* Should be carefully studied by those who have anything to do with motors." — Auto- 
mohiie and Carriage Builders^ journal. 



At Press. In Large 8vo. Handsome Cloth. Very Fully Illustrated. 
A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Compriaing the Designing, Construction, and Worfting of Petrol Motors, 
By F. STRICKLAND. 

^ GKNERAL CONTENTS.— PART I. : BnGINBS.— Historical.— Power Required.— General 
Arrangement of Engines.— Ignition.— Carburettors.— Cylinders, Pistons, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, dc— Pumps. — Flywheels.— 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.-^ 
liarine Motors.— Two-Cycle Motors.- Parafiln Carburettors.— Gas Pi-oducers. Par* 
II.: Cars.— General Arrangementa— Clutches. — Transmission.- Differential Gears.— 
UniTersal Joints.— Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. ■*- 
Steering Geai*. — Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Special Cars.— Commercial Yehicles.- Racing Cars.— Index. 

LONDON: CHARLES QRIFFIN ft CO.. IIMITEO. EXETER STREET. STRANa 
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WOBKS BY 
ANDREW JAMIESON, MJnst.CE., M.LE.E., F.R.S.E., 

Pcrmerly Pr^essffr of EUcirical Engineering y The Glas, ami W. of Scot, Teck, C*U, 

PROFESSOR JAMIXiSON'S ADVANCED TEXTBOOKS. 

In Large Crvum 8zw. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 lilusirations, ii Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines, Fifteenth Edition, Revised. los. 6d, 
*' The Bbst Book yet published for the use of Students."— ^m^^cm^. 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst, C,E. Exams, in (i) Applied Mechanics ; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures; 
(ii) Theory of Machines ; Hydraulics. Also B. of E. ; C. and G. Que&tions. 
Vol. I. — Comprising 568 pages, 300 Illustrations, and Questions : 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 
" Fully maintains the reputation of the Author."— Pm^/. Engineer, 

VoL II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 
**Wbll and LuaDLV WRITTEN."— 7*^^ Engineer. 

\* Each of the above volume* is complete in itself, and sold uparately. 



" PROFESSOR JAMIESON'S INTRODUGTORT MANUALS 
Crozan SzfO, With UlustraHans and Examination Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual oO. For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 
" Should be in the hands of sysRY engineering aippreaiiot.*^— Practical Enginetr, 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First- Year Students. With Stud Inst.C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6, 
" A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and dear.** — Nature. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G, ; and Stud. Inst. C.E. 
~ Questions. Seventh Edition, Revised and Greatly Enlarged. 3/6. 
— " The work has very high qualitibs, which may be condensed into the oae word 
•^TLKAR.* **—Science and A ri. 

A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [See p. 48. 

LONDON: CHARLES GRIFFIN A G0„ LIMITED. EXETER STREET, STRAND. 
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aNOINBBRINa AND MEOBANIOS. 35 

WORKS BY 

W. J. MAGQUORN RANRINE, LL.D., F.R.S., 

UsU Regtut Profe§»or of CMI BngtHeerlng in the Unherttty of 0/«ugo«. 
THOBOirOHLY BEYISBD BY 

W. J. MILLAE, O.E., 

Late Swrttaiy to the Inatftute of Engineera and SMpbuHdere In Seotland. 



A MANUAL OP APPLIED MECHANICS : 

Oomprising the Principles of Statics and Cinematics, and Theory oi 
Stmotares, Mechanism, and Machines. With Nnmerons Diagrams. 
Crown 8yo, cloth. Seybntbbnth Edition. 12s. 6d. 



A MANUAL OP CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foondations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, RiYera, Waterworks, 
Harbours, &o. With Numerous Tables and Illustrations. Crown 8yo. 
oloth. Twsnty-Sbgond Edition. 18s. 



A MANUAL OP MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts, 
Crown 8yo, cloth. Sbybnth Edition 12s. 6d. 



A MANUAL OP THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With a Section on Gas, Oil, and Air Engines, by Bbyan Donkin, 
M.Inst.C.E. With Folding Plates and Numerous Illnstrations. 
Crown 8vo, cloth. Sixtbknth Edition. 128. 6d. 

UNDOH: CHAfilE8 GRIFFIN ft CO., LIMITED. EXETER STREET. STRAND 
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Frow. Rankink's VfOKKS— {Continued), 

USEFUL RULES AND TABLES: 

ifor Arohiteots, Builders, Engineers, Founders, Meohanios, Shipbuilders, 
Surveyors, ko. With Appendix for the use of Elbotbioal ENaiNKSSB, 
By Prof essor Jamibson, F.R.S.E. Seventh Edition. lOs. 6d. 



A MECHANICAL TEXT-BOOK: 

A Praotical and Simple Introduction to the Study of Meohanios. By 
Professor Rakeinb and E. F. Bambsb, G.E. With Numerous lUua- 
trations. Crown Svo, cloth. Fifth Edition. 9s. 

*«* The ** MiGHAHiOAL TsxT-BooK " WM deiiffTud bjf ProfMwv EAxnan oi am Ivxao- 
BUonoM to the aftovc Series of ManueU*. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal Svo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part in. Papers on Wave-Forms, Propulsion of Vessels, fto. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millab, C.B» 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Ranldne ooald be devised than the paUiei^ 
Haa of these papers in an accessible form. . . . The Collection is most valnaUe on 
aooouBt of the nature of his discoveries, and the beauty and completeness of his analyas. 
. . . The Volume exceeds in importance any work m the same department publishW 
In our timt.**—ArcA£ttci. 



By W. VINCENT SHELTON (Foreman to 

the Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Secotui Edition, Crown Svo. Cloth, 7/6. 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND. 
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ENQINEERINQ AND ME0HANI08. 37 

Third Edition, Thoroughly Revised and Enlarged, With 60 Plates and 
Numerous Illustrations, Handsome Cloth, ^45, 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BY 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

VBLLOW or king's COLLBGB, LONDON ; PROF. EMERITUS OF dTIL BNGINBBRINS, 

king's collhgb, etc.. etc 
CONTENTS — DischaMfc through Orifices.— Flow of Water through Pipes.— Accumulators. 
— Fr«tBcs and Lifts. — Hoists.— Rams. — Hydraulic Engines.- Pumping Engines. — Capstans. 
-TraTorsers.— Jacks. —Weighing Machines. — Riveters and Shop Tools. — Punching, 
Sheariag, and Flanging Machines.— Cranes. — Coal Discharging Machines.— Drills and 
Cutttrs. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges, Dock 
Gat«s, Wheels and Turbines.— Shields. — Various Systems and Power InsUllations.— 
M«t«n, Ac— Index. 

"Hie standard work on the application of water power."— C«««r'5 Magazine, 



JStcond Edition, Oreatly Enlarged, With Frontispiece, severed 
Plates, and over 250 lUvstrations, 2l8, net, 

THE PBOiCIPLES iHD CONSTRDCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

Wttk Practical Illustrations of Engines and Pumps applied to Mumra, 

1«WN Water Supplt, Drainage of Lands, ko,, also Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Member of the Institution of Civil Engineers, Member of the Inttitntion of 
Mechanical Engineers, F.G.S., dko. 

OoWMSTS —Early Hifltory of Pomping Engines — Steam Pumping Engines— 
PnmiM and Pump Valves — Greneral Principles of Non-Rotatiye Pumping 
Engines — The Cornish Engine, Simple and Compound— Types of Mining 
Engines — Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Mines— Electric Transmission of Power— Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works En^es — Pumping 
Engine^ Economy and Trials of Pumping Machinery— Centrifugal and other 
Low-lift Pumps — Hydraulic Bams, Fumping Mains, &c — Index. 

**By the *one English Engineer who probably knows more abont Pumping Machinery 

tiUlM Airr OTHBK.* ... A VOLimB BBOOKDINO THE SBSULTS OV LONG XXPEBIXKOB AXTD 

STcmr."— 7%€ Engiwer. 

** Undoubtedly THE best and most psaotioal tbbatisb on Pumping Machinery that bas 
Ywt BUN vmuassD.'*— Mining Journal. 

U)NDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND 
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Roi/aJ Sao, Handaomt doth. With numeroug IHu8tration$ and Tablea, 2§§. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., lilP., 

CinGHT or THB IMPBRIAL ORDKRS OP ST. STANILAUS OF RUSSIA; FRANCIS JO«m OF 

AUSTRIA; MBDJIDIB OF TURKEY; AND RISING SUN OF JAPAN; FIC** 

PRBSIDBNT OF THB INSTITUTION OF NAVAL ARCHITBCTS. 

" Sir Edward Rbbd's ' Stabiutv of Ships ' is invaluabul The Naval A j u ht i b ct 
will find broagfat togetner and ready to hu hand, a mass of inlonnadon which he woold othei^ 
wise have to seek in an almost endless variety of puMicarioin, and some of wfaidh he would 
possibly not be able to obtain at all elsewhere."— 5iSMciwiA<^. 



THB DESIGN AND C0NSTBT7GTI0N OF SHIPS. By John 

Harvard Biles, M.Inst.N.A., Professor of Naval Architectmre in tbe 
University of Glasgow. [In Prtpmmaion, 



Third Edition. Illustrated with Plates, Numerous Diagrams, wmd 
Figures in the Text. i8s. net 

STEEL SHIPS! 

THBIB CONSTBUCTION AND MAINTENANOB, 

A Manual for Shipbuildera, Ship Superintendents, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP.*' 

OoMTENTB.— I. Manufacture of Cast Iron. Wrought Iron, and SteeL— Oom- 
position of Iron and Steel, Quality, Strength, Tests, kc. II. Classification of 
Steel Ships. III. Considerations in makinR choice of Type of Vessel. — ^Framing 
of Ships. IV. Strains experienced by Shi{>8.— Metnods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — AltematiTe Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, Ac. — ^Rivets and Rivetting, Workmanship. VL Pumping Arrange- 
ments. YII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships. — Cement, Paint, &c.— Index. 

*' So thoroa^h and weu written is every chapter in the book that it is dlffionlt to seleet 
any of them as being worthy of exoeptional praise. Altogether, the work is ezoellent, and 
will proye of great valne to those for whom it is intended?'— 2rA« Engineer. 



Ai^ Press. In Handsome Cloth. Very fully Illustrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 

By THOS. WALTON, 

Author of "Know Your Own Ship." 

Gbnbsal Contents. — Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Frammg, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— Index. 

lONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited by EBW. BLACKMORE, 

Maater Mariner, First Class Trinity House Certificate, Assoo. Inst. K.A. ; 

And Wbittbn, kainlt, by Sailobs for Sailobs. 



"This admirablk series. "—Faifptoy. "A teet useful series."— 2ir««ti«. 
"Btert Ship should have the whole Series as a Refbrbnoe Library. Hand- 
fK>]lXLT BOUND, CLEARLY PRINTED and ILLUSTRATED."— Ztvdrpoof J<mm. qf ComtMroe. 

The British Mercantile Marine : An Historical Sketch of its Rise 

^d Development. By the Editor, Capt. Blackmore. 8s. 6d. 

" Captain Blackmore a splendid book . . . contains parasrap^s on every point 
of interest to the Merchant Marine. The 248 pages of this book are the most YALU- 
able to the sea captain that have ever been ooufilkd."— Merchant Service Review* 

Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
F.B,.S.E., F.B.G.S. With numerous Plates, two in Colours, and Frontispiece. 
Fourth Bdition, Thoroughly Keviaed. With additional Illustrations. 6b. 
••This admirable manual, by Capt. Wilson Barker, of the • Worcester,' aeems 

to us PERFBOTLT DESIGNED."— ^fA«n«Btifn. 

Know Your Own Ship : A Simple Explanation of the Stebility, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
Ninth Edition. 7s. 6d. 
*'Mr. Walton's book will be found very useful."— r*« Engineer. 

Naviration : Theoretical and Practical. By D. Wilson-Babkib 

and William Allingham. Second Edition, Revised. 8s. 6d. 
"PMKnsBLY the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— i>ttnd«e Advertiser. 

Marine MeteorolOCT^: For Officers of the Merchant Navy. By 
JSH^ Allingham, First Class Honours, Navigation, Science and Art Department. 
..1'^."*°*^'^"*°°^ *°^ Maps, and faeeimile reproduction of log page. 7s. 6d. 
"Quite the best publication on this subject."- ^Aippiw^ Oaz^e. 

Latitude and Longitude: How to find them. By W. J. Millab, 

C.B. Second Edition, Revised. 2%. 

" Cannot but prove an acquisition to those studying Navigation."— Jfaritw Bngmeer. 

Practical Mechanics: Applied to the requirements of the Sailor. 
u^xJ^^'J^SS^?^^' ^^^^ Mariner, F.R. A.S. Second Edition, Revised. Ss. 6d. 
WELL WORTH the money . . . exceedingly bslfvuIi."— Shipping World. 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
^ames Nautical Training College, H.M.S. '♦ Worcester." Third Edition, Revised. 
Jnice 8s. od. 
"This EMINENTLY PRACTICAL and reliable yolmae."—Schoolma8ter. 

Practical Algebra. By Rich. C. Buck. Companion Volume to the 
above, for Sailors and others. Second Edition, Revised. Price 3s. 6d. 
It is JUST THE book for the young sailor mindful of progress."- i^auficoZ Magazine, 

The Legal Duties of Shipmasters. By Benedict Wm. GiNSBima, 

S^^^V^Sk' **' the Inner Temple Mid Northern Circijit : Barrister-at-Law. SECOND 

Edition, Thoroughly Revised and Enlarged. Price 48. 6d. 

" Invaluable to masters. . . . W e can m\j recommend it."— Shipping OazetU, 

A Medical and Surgical Help for Shipmasters. Including First 

WriJSfff a«?^Tu- JOHNSON SMITH, F^R-CS., ftincipal Medical Officer, teamen's 
Hospital, Greenwich. Third Edition, Thoroughly Revised. 6s. 
Sound, judicious, really helpful."- rA« Lancet. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 

Digitized by LjOOQ IC 



4« CHARLES GRIFFIN Js CO/S PUBLICATIONS, 

GRIFFIN'S NAUTICAL SE&IES . 

IntrodtLCtory Volume. Price Ss, 6d. 

British Mercantile Marine. 

By EDWARD BLAOKMORE, 

MASTBK MARINER; ASSOCIATB OP THB mSTmrriON OP NAVAL ARCHITBCTS; 

MBMBBR OP THB DfSTmmON OP BNGINBBRS AND SHIPBUILDBRS 

IN SCOTUIND; BDITOR OP GRIPPIN'S "NAUTICAL SBRIBS." 

GsNBRAL GoNTBNTS.— HiSTOBiOAL : From Early Times to I486— FroffresB 
tinder Henry VIII.— To Death of Mary— Dttrinc: Elizabeth's Reign— Up to 
the Beign of William III.— The 18th and 19th Oentaries— Institution of 
Examinations — Bise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1876— " Locksley Hall** Case- 
Shipmasters* Societies— Loading of Ships — Shipping Legislation, 1884 to 1894— 
Statistics of Shipping; The Pbbsonnel : Shipowners— Officers— Mariners- 
Duties and Present Position. Eduoation: A Seaman's Education: what it 
should be— Present Means of Education— Hints. DisoiPLiinE and Duty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
drnnanding the Attention of the Nation. 

** iNTaKBamro and Instbuctitb . . . may be read with FBOirrr and bhjotiibht."- 
tfUug^vt Btrald. 

'^ SvBRT BRABOH of the Bubjeot is dealt with in a way whioh shows that the writer 
* knows the ropes' familiarly.**— Acofjfnan. 

**ThiB ADioBABLB book . . . TBSxs With nsefol informatioii— Shonld be in the 
bands of every Sailor.**— ll>.<;«rn Morning Ntws. 



Fourth Edition, Thoroughly Remaed. With Additional 
IllustrcUions, Price da, 

ELEMENTARY SEAMANSHIP. 

BV 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&o., A;o* 

T017N6ER BROTHER OF THB TRINITT HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 

In the Text. 

GrBNERAL CONTENTS. —The Building of a Ship; Parts of Hull, Masts, 
ftc— Bopes, Kiiots. Splicing, &c. — Gear, Lead and Log, &c. — Bigging, 
Anchors — Sailmakmg — The Sails, &c.— Handling of Boiftts under Sail — 
Signals and Signalling— Bule of the Boad— Keeping and Believing Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*** The volame contains the bbw bulbs or thb boad. 
** This adhibablb manual, by Oapt. Wilson-Babksb of the * Woroester,' seems to ns 
pbbvbctlt dbsignbd. and holds its place excellently in * Gbiffib'b Nautical Sbbibs.' . . . 
Alfhoogh intended for those who are to become Of&cers of the Merchant Navy, it will b» 
found osefol by all tachtsmbk.**— A <A<n»um. 

%* For complete List of Qbiffih's Nautioal Sbbibs, see p. 39. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 

Digitized by VjOOQIC 



NAVTICAL WORKS. 41 

GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised cmd Illustrated, Price Ss. 6d, 

ISr A V I a A T I O IST : 

PRJLCODICJLXi JLMTD 'X'KXSORES'X'ICJLXi. 

Bt DAVID WILSON-BARKER, R.N.R., F.R.S.E., &o., <ka, 

AND 

WILLIAM ALLINGHAM, 

tlBST-OLASS HONOUBS, NAVIQATION, SCDBNOB AND ABT DBPASTMXNT. 

vaitb Viumetoud }lludttation0 and Bsamination (ftuedtiond* 

GxNBBAL Contents.— Definitions — Latitude and Longitude — Imitniments 
of Navigation— Correction of Courses- Plane Sailing — Traverse Sailing— Day*B 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator*s Chart— 
Meroator Sailing — Current Sailing — Position by Bearings — Great Circle Sailing 
— The Tides— Questions — Appendix : Compass Error— Numerous Useful HintB. 
&c. — Index. 

'' PBXoiaBLT the kind of work required for the New Certificates of competency in ffradea 
from Second Mate to extra Master. . . . Candidates will find it nnrALUABLB."— i>ttiMte< 
AdoeHiur. 

" A OAPiTAL UTTIB BOOK . . . specially adapted to the New ExaminatlonB. The 
Anthors are Oaft. Wilboh-Babkbb (Captain-Superintendent of the Nautical College, H.M.S. 
^ Worcester,* who has had great experience in the highest problems of Navigation), and 
Mb. Alldtoham, a well-known writer on the Science of Naviganon and Nautical Astronomy.*' 
"Shipping World. 



Handsome Cloth, Fully Illustrated. Price 78. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of " Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and lUustrationB, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

iMTRODUCTOBY.— Instruments Used at Sea for Meteorological Purposes.— Meteoro- 
locleal I^-Books.— Atmospheric Pressm^.— Air Temperatures.— Sea Temperatures.— 
Winds.— Wind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
ohronooB Charts.— Dew, Mists, fogs, and Haze.— Clouds.— Rain, Snow, and Hail.— 
Mirage, Kainbows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
QUI8IION8.—APPBNDIX.— Index. 

*' Quite the bist publication, and certainly the most iiinBSSTiNO, on this subject erer 
l^resented to Nautical men.**— Shipping Oazette. 

*^* For Complete List of Griffin's Nautical Series, see p. 39, 
IMDON: CHARLES GRIFFIN & CO.. LIMirED. EXETER STREET. STRAND. 
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«* OBARLm GRirriH A OO.'a PUBLICAT/Om. 

QRIFFIirS NAUTICAL SERIES. 

Sboond Edition, Revised. With Numeroua lUustratioiiB. Price 3b. 6d. 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 
By THOS. MACKENZIE, 

Mtuter Uariner, F.KA.S. 
Gbnbral Contents. — Resolution and Composition of Forces — Work done 
by Machines and Living Agents — The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan y 
Grab Winch— Tackles : the **01d Man"— The Inclined Pbuie; the Screw- 
Hie Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, ManiUa, Hemp, Coir — ^Derricks and Shears— Calculation of the 
Orofls-breaking Strain of Fir Spar— Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c. 

" This excellent book . . . contains a larqb amoitnt of information." 
— Nature, 

" Well worth the money . . . will be found ezoeedinglt helpvul." — 
SMpning World, 

*'No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's * Praotical Mechanics.' Notwithstanding my many 
vears' experience at sea, it has told me hau> much more there is to acquire," — 
(Letter to the Publishers from a Master Mariner). 

<< I must express my thanks to you for the labour and care you have takep 
In 'Practical Mechanics.' . . . It is a life's experience. . . , 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! 'Practical mechanics ' would saye all 
THIS." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of the Thames Nautical Training College, H.M.S. ' Woroeeter.* 

A Manual of Trig^onometry : 

With Diagrams, Examples, and Exercises. Prioe Ss. 6d. 

Third Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is Ml obligatory subject. 

"This mursVTLT pbaotioal and rsliablb yoixna.''— Schoolmaster. 

A Manual of Algebra. 

Designed *o meet the Requirements of Sailors and others. 
Second Edition, Revised. Price 3s. 6d. 

*«* These elementary works on alobbba and TRiooifouBTBT are written speeiaUy for 
those who will have little opportnnity of consulting a Teacher. They are books for '^sbli^ 
■XLF." All bnt the simplest explanations have, therefore, been avoided, and AmwBBS te 
the Exercises are given. Any person may readily, by carefnl stndv, become master of their 
oontents, and thus lay the foundation for a further mathematical coarse, If desired. It is 
hoped that to the yoonger Officers of oar Mercantile Marine they will be foond decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the '* Worcester." 

'* Clearly arranged, and well got up. ... A flnt-rate Elementary Algebra. — 
NautiecU Magazint. 
%*For complete List of Gkufim's Nautical Skmbs. see p. 89. 

LONDON : CHARLES GRIFFIN « CO., LIMITED, EXETER STREET, STRAND. 
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UfAUTICAL WORKS. 43 

GRIFFIN'S NAUTICAL SERIES. 

Sboond Edition, Thoroughly Revised and Extended. In Grown 8to. 
Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A.; LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; BarriBter-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster^The Cod- 
tntct with the Shipowner— The Master's Duty in respect of the Crew : Bngaffement 
~" ■ " ~ •• - ■• - nforts ; Payn 



Apmntiees; Discipline; Provisions, Accommodation, and Medical Comforts ; Payment 
Of wa|^ and DischarK®— The Master's Dntv in respect of the Passengers— The Master's 
Financial Besponsibilitles— The Master's Duty in respect of the Cargo— The Master's 
Daty in Case of Casualty— The Master's Duty to certain Public Authorities— The 



Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Dutj 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, life-saving Appliances, Carriage of Cattle at Sea, Ac, &c.— Copious Index. 

'* No Intelligent Master should fail to add this to his list of necessary books. A few lines 
of it may savb a lawtkb's rxx, bbsidbs hndlbsb iroBXt.*'— Liverpool Journal of Commerce, 

" SaBsniii, plainly written, in glxak and moh-tsohhigal lanodaqk, and will be ftnmd of 
MUGB flBKViCB by the Shipmaster/'— A^t'^'f^ Trade Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

Ho^sir to Fiisucl thexxi.. 

By W. J. MILLAR, C.E., 

Late Secretary to the Inst, of Engineert and ShipbuOdere in Scotkmd, 
** OOMOISBLT and clearly wbitisn . . . cannot bnt prove an acquisition 
to tlieee siudving Navigation.*'— Jtfarine Engineer. 

* Teusg Seamen wifl find it handt and usepttl, simple and ciMA3aL/*—The 



FtRST AID AT SEA. 

Thib9 Edition, Revised. With Coloured Plates and Numerous niustra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SMGIGAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*«* Tbe attention of all interested in our Merchant Navy is requested to this exoeedlnglj 
oa^hil and Taluable work. It is needless to say ttiat it is the outcome of many years 
PKAOIMAL BZFXRisHCs amougst Seamen. 

*' Sous*, JUDICIOUS, BBALLT HKLFTUL."— 2V^ Lancti. 

*^* For Complete List of Griffin's Nautical Series, see p. 39. 
LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRANOs 
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44 0HARLE8 ORIFFIN <ft OO.'S PUBLICATIONS. 

QRIFmrS NAUTICAL 8EBIES. 

Ninth Edition. IllustrcUedy Handsome Cloth, Crown 8vo. Price 7«. M. 

The Chapters on Tonnage and Freeboapd have been brought thoreughly 
up to date, and embody the latest CI 906) Board of Trade ResrulattoBB en 
these subjects. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Ship^ivnerSy 
Superintendents, Draughtsmen, Engineers, and Others, 

CONTBMTS. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structure.— Stability. — Kolling. — Ballasting. — Loading.— Shifting Cargoes.— Bffecft of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-lineX— CalculaMoiu.— 
Set of Calculations from Actual Drawings.— Index. 

i> " The work is of the highest value, and all who go down to the sea in ships should mtJkt them- 
selves acquainted with it.'— Shipping World (on the new edition). 



BY THB SAMB AUTHOR. 

Steel SMps: Their Constrnction and Maintenece. 

(See page 38.) 

Fifteenth Edition, TfiorougfUy Revised, Greatly Enlarged, and Reset 
Throughout. Large Svo, Cloth, pp. i-xxiv + 708. With 280 Illustra- 
tions, reduced jrom Working Drawings, and 8 Plates. 2ls. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.I.C.E., M.I.Meeh.B.. M.LN.A. 

General Contents. — Past I. — Principles of Marine Prepulsion. 
Past II. — Principles of Steam En^neering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part VI. — Miscellaneous. 

"The Student, Draughtsman, and Encnneer will find this work the Mon taluablc 
Handbook of Reference on the Marine Rngiue now iu existence." — Maritu Emginesr^ 



Ninth Edition, Thoroughly Revised. Pocket-Size, Leather. Ss. 8d. 
A POCKBT-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 



TOR THB USE 07 



Marine Engineers, Naval Arehiteets, Designers, Draughtsmen, 
Superintendents and Others. 

By A. E. SEATON, M.I.O.E., M.I.Mech.E., M.LN.A., 

AND 

H. M. R0UISITHV7AITE, M.LMech.E., M.LN.A 

" The best book of its kind, and the information is both up-to-date and reliable."— 
Sngineer. 

lONDON: CHARLES 8RIFFIN i CO.. LIMITED, EXETER STREET. STRANB. 

Digitized by VjOOQIC 



ENGINEBRING AND MEOHANIOS. 45 

WORKS BT PROF. ROBERT H. SMITH, AssocM.LC.Em 

BCLHE., M.LELE., M.LMiii.£., Whit Soh., M.Ord.Mel]L 



THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Technical Problems. 

WITH SXTBNSIVE 

0I.A88IFIED BEFEBENCB LIST OF INTEGBAI.8. 
By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R. F, MUIRHEAD, M.A., B.Sc., 

Formerly Olark FeUow of Glasgow Univenity, and Lecturer on Mathematics at 
Mason College. 

In Crown Svo, exira^ with Dictgrams and Folding-Plate. 8b. 6d. 

** Paor. B. H. Smith's book will be serviceable in rendering a hard road as babt ab pbactic- 
AWUi for the non-mathematical Student and Engineer."— ^tT^ncewn. 

'* Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
ia abundance. Ths vbkt cohplkti classifibd KSFsaxKCB table will prore very useful in 
saTing the time of those who want an integral in a hurry."— T%e Entrmeer. 



MEASUREMENT CONVERSIONS 

(English and French): 

43 GRAPHIC TABLES OB DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Convebsion of Measurements 

in Different Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 
For the use of Engineers, Surueyora, ArcMtecta, nnd Contraetora. 
In 4to, Boards. 78. 6d. 
*J^ Prof. Smith's Convbrsion-Tablbs form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 



Pocket Size, Leather Limp, with Gilt Edges and Bounded Comers, printed on Special 
Thin Paper, with Illustrations, pp. i-xii + 834. Price IBs. net. 

(THE NEW "NYSTROM") 

THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of Tables, Formutce, and Methods for Engineers, 
Sttidents and Draughtsmen. 

By henry HARRISON SUPLEE, B.Sc, M.E. 

" We feel sure it will be of great service to mechaDical engmeev^."— Engineering. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRANft 

Digitized by VjOOQIC 



46 CHARLES GRIFFIN ik CO.'S PUBLICATIONS, 

Second Edition. In Large 8vo. Handsome Cloth. 16s. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.O., F.O.B., A.LO.B. F.LO.. P.O.S. 

OBNBRAL CONTENTS.— Introduction— OhemlBtry of the Chief Materials 
of Construction— Sources of Energy— ChemlstiT of Steam-raising— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in tho 
Winning and Manufacture of Metals. 

"The anthon have sdooxbdkd beyond all expectation, and haye produced a work whicii 
ahoold Rive frbsh powkb to the £nRlneer and Bfanofactorer."— 27m Timu. 



By the same Authors, " Chemistry for Manufacturers," see p. 71 
OenercU Catalogue. 



THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Grossmann, M.A., Ph.D., F.LO. With a Preface by Sir 
William Ramsay, K.C.B., F.R.S. In Handsome Cloth. With 
nearly 50 Illustrations. 3s. 6d. net. [See page 70 General Coitalogue, 



At Press. In Demy Quarto. With Diagrams and Worked Problems. 
28. 6d. net. 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By Lieut. -Col. THOMAS ENGLISH, Late Royal Engineers. 



Works by WALTER R. BROWNE , M.A., M.InslC.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

" Clear in style and practical in method, 'Thb Student's Mbchanics' is cotdiaUy to b« 
recommended from all points of view."— >4/A^M<ffw«M. 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the En^neer, In Crown 8vo, 18. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKHOfER of Vienna, and 

WALTER R. BROWNE, M.A., C.E. 

Gbnbral Contbnts.— Heat and Combustion— Fuel, Varieties of— Firing Arrangements: 
Furnace; Flues, Chimney — The Boiler, Choice of— Varieties— Feed-water Ueater»— 
Steam Pipes — Water: Composition, Purification— Prevention of Scale, &c., &c. 

"Tlie Section on Heat is one of the best and most lucid ever •wn\Xiea..**'—Enginur, 

lONOON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAN& 
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CHEMISTRY AND TECHNOLOGY. 47 

Second Edition, Revisbd and Enlarged. 

Wiftk Tables, Illustrations in the Text, and 37 Lithographic Plates. Medhxm 

8vo. Handsome Qoth. 30s. 

SEWAGE DISPOSAL WORKS: 

A Gnide to the ConstFuetion of Works for the Prevention of the 

Pollution by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Assistant-Engineer, London County CounciL 
"Probably the most complbtb and rbst trbatisb on the subject which has appeared 
ia our language." — Edinburgh Medical Journal. 



Beautifully Illustrated, with Numerous Plates, Diagrams, and 
Figures in the Text, Sis, net, 

TRADES' WASTE! 

ITS TREATMENT AND UTILISATION. 

A Handbook for Bopouffh Enerineers, Surveyops, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A. M.Inst.C.E., 

Chief Inspector of Rivers, Ribble Joint Committee. 

COHnHTS.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and Orease Eecovery.— IV . TextUe Indnstrieg; Calico Bleaching and Dyeing. — V. Dyeinflp 
and Calioo-Printing.- VI. Tanning and Fellmongery.— VII. Brewery and Distillery 
Waale.— Vm. Paper Mill Refuse.- IX. General Trades' Waste.— Indbz. 

"There Is probably no peroon in England to-day better fitted to deal rationally with 
BB«k a BTih]ect."-~Briti8h Sanitarian. 



In Handsome Cloth. With 59 lUastrations. Gs. net. 

SIVEOKJE: ILBATSI^SNT. 

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Cliief Smoke Inspector to the Sheffield Corporation. 
OOHTUITS.- Introduction.- General Legislation against the Smoke Nuisance.— 
lioeal Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Fnmacesy 
and Kilns.- Private Dwelling-House Smoke.— Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions.— Indbx. 

"We welcome such an adequate statement on an important subject.'*— Sn'eitA 
MeiKmlJoumal. ^^^^^^^^^^^^^^^^^^,^^^,,^,,,^,,,,^,^,^^ 

SicoND Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. neU 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

'Wt^la some XILeaxmavlKfli -apoza Ceaxmeam^ Veai^tzatf* 

By gilbert R. REDGRAVE, Assoc. Inst. C.E, 

Assistant Secretary for Technology, Board of Education, South Kensmgton, 

And CHARLES SPACKMAN, F.C.S. 

"We can thoroughly recommend it as a first-class investment." — Practical Engineer. 

UWDON: CHARLES GRIFFIN & no.. LIMITED, EXETER STREET, STRAND. 

Digitized by VjOOQIC 



4S 0HARLE8 ORIFFIN A OO.'S PUBLWA TI0N8. 

ELECTRICAL ENGINEERING. 

Second Edition, Revised, Jn Large ^o. Handsome Cloth. Projusely 
Illustrated with Plates^ Diagrams^ and Figures, 24s, net, 

CENTRAL ELECTRICAL STATIONS: 

Their Desigrn, Orgranisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E., 

Late Memb. of Council InstE.E., and Electrical Engineer to the Qty of Manchester ; 
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and Calculations in respect of Sender and Receiver. — Closely -Coupled Sender 
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—INDEX. 
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